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The objective of this thesis was to determine the effectiveness of hydraulic geometry 
curves for designing bankfull floodplains to stabilize urban streams.  In stable streams bankfull 
discharge is contained within the stream’s banks.  Higher flows spread out onto the floodplain 
where the water’s velocity drops due to the increase in area and vegetation.  This dissipation of 
energy promotes sediment deposition, decreases flow velocity, and reduces channel erosion.  In 
cases like Galbraith Drain where historical gage data are not available and bankfull indicators are 
not present, a degraded stream’s bankfull depth may be estimated with hydraulic geometry 
curves.   
Over forty cross sections were taken at fifteen rivers and streams within the region of 
Galbraith Drain.  These data were processed, and the resultant hydraulic geometry curves developed 
through linear regression were used to design the study reach’s channel and floodplain geometry.   
Suspended solids concentration (SSC) was selected as the parameter by which the 
effectiveness of the design was measured.  Optical meters were installed at the upstream and 
downstream ends of the study reach to continuously record stage and turbidity.  Turbidity was 
converted to SSC from regression analysis of laboratory tested SSC samples collected at each 
meter location.  Data collected from cross sections and slope profiles taken at the meter locations 
were used with Manning’s equation to convert stage data to flowrates.  
Two methodologies were utilized to analyze the percent difference in SSC from the 
upstream to downstream meter.  In the mass versus mass analysis, all pre- and post-construction data 
were plotted as SSC (kg) versus volume (ft3), from which linear regression equations were obtained.  
By entering the largest common volume into these equations, decreases in SSC of 2.4% and 29.9% 
were calculated for the pre- and post-construction conditions, respectively.   
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For the statistical analysis, an Analysis of Covariance was performed with SAS software.  
When the mean SSC value (as concentration) was entered into the SAS-generated equations, an SSC 
increase of 29.4% resulted for pre-construction, while a decrease of 25.3% resulted for post-
construction.  Thus, the improvement resulting from the construction of the bankfull floodplain, as 





CHAPTER 1:  INTRODUCTION 
1.1 THESIS BACKGROUND 
Bankfull discharge is defined as the flow that occurs at the top active channel banks 
above which water would spread out onto naturally developed floodplains (Griffin 2001).  The 
effective discharge is defined by the sediment transport rate, as a function of flowrate, multiplied 
by frequency of occurrence that results in the greatest cumulative sediment load, or channel 
forming capacity, for a river system (Ward 2001).  Bankfull discharge and effective discharge 
are typically considered synonymous when referring to geomorphologically stable streams 
(Mecklenburg and Ward 2001).  A stable stream is defined as a stream over time (in the present 
climate), that transports the flows and sediment produced by its watershed in such a manner that 
the dimension, pattern and profile are maintained without either aggrading, or degrading (Rosgen 
1996). 
In stable streams the bankfull discharge, or dominant channel-forming flow, is contained 
within the stream’s active banks.  Higher flows rise up and spread out onto the floodplain where 
the water’s velocity drops due to the dramatic increase in area and the abundance of vegetation.  
This dissipation of energy results in deposition of sediment.  The ability of flows in excess of 
bankfull discharge to access the floodplain also prevents high velocity flowrates from altering 
the pattern, plan, and profile of the stream that were attained in the fluvial process of achieving 
dynamic equilibrium. 
Bankfull discharge is generally considered to be anywhere from the 1-year to 2-year 
event for a given stream (Ward et al 2001).  There are three methods typically employed for 
determination of bankfull stage.  The first method involves frequency analysis of historical gage 
data.  Unfortunately, only a limited number of streams and rivers currently contain gage stations, 
and many of the gaged streams and rivers do not contain sufficient historical data for reliable 
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computation of bankfull discharge.  Another method involves approximation of bankfull depth 
by observation of field indicators; this depth approximation, along with Manning’s equation and 
its associated stream geometries, can be used to approximate bankfull discharge.  Bankfull depth 
indicators include, but are not limited to: flat, depositional surface adjacent to active channel; 
height of depositional bars (point bars); change in vegetation, slope or topographic breaks or 
changes along the bank; and change in particles size of bed materials (Athanasakes 2003).  In 
urban environments, streams are often degraded and incised to a point that reliable bankfull 
indicators no longer exist.  In cases such as Galbraith Drain where historical gage data are not 
available and field indicators are not present, a stream’s bankfull depth may be estimated by a 
third method, which involves the utilization of hydraulic geometry curves. 
The development of hydraulic geometry curves begins with the collection of survey data 
from stable, natural streams and rivers with a wide range of drainage areas.  The subject streams 
and rivers must all be present within the same physiographic region.  They should contain similar 
valley types, watershed terrains, valley slopes, channel slopes, bed material, bank material, 
vegetation, and climate.  The survey data must be collected at a stream’s riffle and include a 
cross section with denotation of the observed bankfull depth (Ward et al 2001).  The bankfull 
hydraulic geometry data obtained in the field are then entered into a scatter plot as a function of 
drainage area.  Analysis of these data may then be performed by developing power function 
trend lines with Microsoft Excel, or comparable software, to obtain a regression equation for 
each geometric property.  From these equations, estimates can be made of the appropriate 
bankfull geometry (depth, width, and area) based on knowledge of the stream’s drainage area, 
which can be easily determined from topographic contour maps. 
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Degraded and/or dredged urban streams often do not contain gage data, do not possess 
sufficient visual bankfull stage indicators, and do not lend themselves to full restoration due to 
land constraints.  Additionally, funding is typically not available for restoration of urban streams 
that are substantially altered from their natural state due to the exorbitant costs of restoration and 
the difficulties involved with getting all concerned parties to agree on major construction 
techniques and property forfeitures.  Therefore, this thesis offers an inexpensive design method 
and a simple construction technique for effective stabilization of urbanized streams and 
improvement of their water quality. 
1.2 SITE BACKGROUND 
Galbraith Drain is a designated county drain in St. Clair County, Michigan, that 
discharges directly to Lake Huron.  Lake Huron, at the outfall of the Galbraith Drain, is listed on 
Michigan’s 2002, 303(d) list of impaired waters under the Clean Water Act.  Likewise, Lake 
Huron/Metcalf Road Beach, located directly north of the outfall, and Lake Huron/Keewadhin 
Road Beach, located directly south of the outfall, are both included on Michigan’s 2002, 303(d) 
list.  The Lake Huron outfall of the Galbraith Drain is located less than 5.5 miles north of the 
Lake’s outfall into the St. Clair River, which is a Designated Area of Concern under the Great 
Lakes Water Quality Agreement between the United States and Canada.  
The Galbraith Drain watershed encompasses approximately 4 square miles and can be 
characterized by two typical settings.  The upper reaches of the watershed, west of State Road, 
drain rural land predominated by crop and pasturelands with some isolated forest stands.  The 
drain and its tributaries remain in their natural floodplains west of State Road, although the 
channels are generally incised, due to the increased peak flows resulting from the conversion of 
the original forests to agricultural uses. 
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East of State Road, the lower half of the watershed containing the study reach is much 
more developed, including industrial, commercial, and several residential areas.  The original 
stream section that contains the study reach was removed from its natural floodplain between 
State Road and M-25 and relocated as a straightened, trapezoidal channel.  The relocated 
channel, as is typical in traditional drainage design, was designed and constructed to convey at 
least the 10-year storm event.  
Drastic hydro-modification has occurred in the lower half of the watershed in the form of 
increased impervious surface and the installation of piped storm sewer systems on contributing 
lands. These modifications, in conjunction with the relocated channel (disconnected from the 
natural bankfull floodplain), have resulted in drastic increases in sediment loadings to, and 
through, the drain in the lower reaches during even the smallest storm events. 
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CHAPTER 2:  OBJECTIVES 
 
The primary objective of this thesis was to determine the effectiveness of using regional 
hydraulic geometry curves for designing bankfull floodplains as a means to stabilize degraded, 
incised, channelized and/or straightened urban streams.  Suspended solids concentration (SSC), 
as a function of turbidity, was selected as the sentinel water quality parameter by which the 
effectiveness of the design was measured.  In order to convert turbidity, recorded by the optical 
meters installed in Galbraith Drain, from nephelometric turbidity units (NTU) to suspended 
solids concentration (mg/L), it was necessary to collect water samples for laboratory analysis of 
SSC.   
In accomplishing the objectives of this thesis, it is hoped that regional hydraulic geometry 
curves will be validated as a useful and cost effective tool for stabilizing urban streams, thereby 
improving water quality.  As such, this thesis offers the potential to impact real world design 
projects by enabling engineers and scientist to short-circuit issues that typically hinder stream 
restoration (e.g., high design and survey costs, high construction costs, and land acquisition). 
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CHAPTER 3:  METHODOLOGY 
 
After completing literature research and developing a strategy for execution of this study, 
it was necessary to create the regional hydraulic geometry curves.  This involved surveying 
numerous streams located in the same region as Galbraith Drain.  As described below in Section 
3.1, processing of the field data allowed for development of the curves which were then used to 
design the bankfull floodplain for the study reach.  Once the design and permitting process was 
completed, the bankfull floodplain and other stream enhancements were constructed as detailed 
in Section 3.2.  Prior to the initiation of construction, two continuously-logging stage and 
turbidity meters were installed at the upstream and downstream ends of the study reach.  Details 
regarding meter installation, maintenance, and operation are provided in Section 3.3.  It was 
necessary to convert the turbidity readings recorded by the meters to suspended solids 
concentration (SSC).  To accomplish this, samples were collected and analyzed by a laboratory 
for SSC values, which were then related to turbidity readings recorded by the meters at the time 
of sample collection.  Details of this conversion process are provided in Section 3.4.  The final 
step prior to analysis of the study data involved transformation of the stage readings recorded the 
meters into flowrates.  Manning’s equation, in conjunction with survey data obtained from each 
meter location, was used for this process, the details of which are provided in Section 3.5. 
3.1 DESIGN 
A detailed geomorphologic survey of Galbraith Drain was completed in July of 2003, and 
the data gathered were used to designate reaches and hydraulic structures throughout Galbraith 
Drain to be repaired, stabilized, installed, or replaced.  The information collected during this field 
operation was also used to construct HEC-RAS and HEC-HMS models, make culvert 
assessments, create construction drawings, and develop construction cost estimates.   
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Over forty cross sections were taken at fifteen different rivers, streams, and creeks within the 
region of Galbraith Drain during July and November of 2003.  The streams and rivers targeted during 
this field investigation have drainage areas ranging from 1/4 square mile up to 480 square miles.  
Topographic maps were used to locate streams with watersheds that exhibited topographic and land 
use features similar to those found in Galbraith Drain’s watershed.  A site visit was then conducted 
from which a determination as to the suitability of the stream for inclusion into the regional curve 
data set was made.  Streams in their natural state and previously channelized streams that had since 
reestablished their floodplain were incorporated into the data set if they displayed characteristics of a 
hydrodynamically stable channel.  These characteristics included a bankfull floodplain, little or no 
channel scouring, little or no bank erosion, good vegetation growth, acceptable water quality, and an 
overall appearance of ecological health. 
Photographs of two reference rivers surveyed and incorporated into the data set, the Black 
River and the South Branch of the Belle River, are shown below in Photographs 1 and 2.  The 
location of the rivers’ natural bankfull floodplain is designated on their respective photographs.  
Additional evidence of stability is visible in the form of low channel banks, good vegetative growth, 
and limited sediment load.  (It should be noted that the Black River photograph was taken soon after 
a rain event; the river was observed during base flow conditions and possessed low turbidity).  




The field data were subsequently processed, and the resultant equations (hydraulic geometry 
curves) developed through linear regression were used to design the bankfull floodplain of the study 
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Figure 1.  Regional Hydraulic Geometry Curves for Michigan “Thumb” Area 
 
Photograph 1.  Black River (480 mi2 watershed) Photograph 2.  Belle River (32 mi2 watershed) 
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Although correlation between the data and the regression equations was less than optimal, the 
scatter associated with this data set is expected for data collected from natural and uncontrolled 
sources (Geaghan 2004).  These correlations almost certainly could have been improved with the 
inclusion of additional stream and river survey information into the data set, but unfortunately, the 
financial and time constraints of the study did not allow for more fieldwork. 
Once the regional hydraulic geometry curve equations were developed, the watershed for 
Galbraith Drain, defined from the downstream end of the study reach, was delineated using 
DELORME® 3-D TopoQuads software.  After determining the watershed to be 4 square miles, this 
drainage area was entered as the “X” variable into the regional curve equations, which were 
programmed into an Excel spreadsheet.  By entering the drainage area into the green cell of the Excel 
calculator shown below in Table 1, the three stream bankfull geometries shown in the gray cells were 
generated. 
Table 1.  Stream Dimension Calculator 
Enter Watershed in sq. mi. 4
Bankfull Cross Sectional Area (ft2) 23
Bankfull Width (ft) 20
Bankfull Depth (ft) 2
 
According to Rosgen’s Stream Classification System, the majority of hydrodynamically 
stable streams in the southeast region of Michigan can be classified as a C4 stream type; C4 streams 
are defined as slightly entrenched, gravel-dominated, with a well-developed floodplain (Rosgen 
1996).  By excavating a bankfull floodplain for Galbraith Drain, its conversion process to a stable, 
C4 stream was hastened. 
In order to convert Galbraith Drain into a stable channel with ideal stream dimensions, the 
geometries shown above in Table 1 would need to be present in the post-construction stream.  As 
shown, a bankfull depth of 2 feet was calculated.  When the pre-construction channel was analyzed at 
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this depth, it was found that an average cross sectional area of approximately 24 square feet and an 
average bankfull width of nearly 20 feet existed.  These resultant dimensions nearly equaled those 
determined by the regional curves; therefore, by constructing a bankfull floodplain at the appropriate 
bankfull depth (2’), all three bankfull geometric properties were achieved and the existing channel 





















Figure 2.  Typical Galbraith Drain Construction Cross Section 
 
All C-type streams have a well-developed floodplain (Rosgen 1996).  This means that they 
have a large flood prone width (Wfpa) relative to their bankfull width (Wbkf).  Bankfull width is 
defined as the distance between the two channel banks at bankfull depth; while flood prone width is 
defined as the width of the channel at twice the bankfull depth (Dmbkf) and corresponds 
approximately to the area of land that will generally be inundated by flood flows (Athanasakes 
2003).  Flood prone width divided by bankfull width is greater than 2.2 for C-type streams (Rosgen 
1996).  This value is known as the Entrenchment Ratio (ER). 
 
Wfpa = width @ 2 x Dmbkf       (1) 
ER = Wfpa/Wbkf       (2) 
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The excavated floodplain width of 24 feet for Galbraith Drain was determined based upon 
the bankfull width regional curve data.  According to the curve, a channel with a 4-square mile 
watershed should have a bankfull width of 20 feet.  For this bankfull width, the flood prone width 
should be at least 44 feet (2.2 times bankfull width).  By subtracting the curve-determined bankfull 
width from the calculated flood prone width, a minimum value of 24 feet was calculated for the 
Galbraith Drain excavated floodplain.  A 24-foot wide floodplain, when combined with additional 
width created by the channel side slopes, ensured that the entrenchment ratio is at least 2.2 for the 
study reach of Galbraith Drain.  To ensure a conservative design, the additional flood prone width of 
the east bank, where no construction occurred, was not taken into account. 
While typically around 20 feet, the actual bankfull width for Galbraith Drain at a 2-foot depth 
varies between 8 and 22 feet, and the flood prone width, after construction, varies between 38 and 52 
feet, respectively.  Thus, the post-construction entrenchment ratio ranges from 2.4 to 4.8.  As 
mentioned earlier, the minimum entrenchment ratio for a C-type stream is 2.2.  The average 
entrenchment ratio for a C4 stream is 5.26.  Therefore, the 24-foot wide bankfull floodplain 
excavation allowed Galbraith Drain to adequately coincide with these parameters and become a more 
typical C-4 stream (i.e., slightly entrenched with a well-developed floodplain).   
3.2 CONSTRUCTION 
After the design process, construction drawings and specifications were prepared in March of 
2004.  Additionally, the appropriate permit applications were prepared and submitted to the 
Michigan Department of Environmental Quality (MDEQ), the Michigan Department of Natural 
Resources (MDNR), and the U.S. Army Corps of Engineers (USACE).  Once the necessary permits 
were obtained from the regulatory agencies, construction was initiated in July of 2004, and was 
completed in September of the same year.   
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As shown below in Photographs 3 and 4, construction activities involved: clearing and 
grubbing; floodplain excavation; offsite disposal of spoil material; and floodplain grading, seeding, 
and stabilization.  Additional photographs of construction activities, as well as those of the finished 
bankfull floodplain are provided in Appendix B. 
            
 
 
In addition to the approximately 2,700 linear feet (1.5 acres) of bankfull floodplain 
constructed along the study reach, work performed on the study reach and areas downstream 
included two culvert replacements, installation of rock J-hook vanes, rock cross vanes, seeded 
erosion control blankets, and bank rebuilding and reshaping.  Photographs of typical J-hook vanes 
and cross vanes are provided in Appendix B. 
3.3 METER INSTALLATION 
In May of 2004, two continuous-logging stage and turbidity meters (YSI Environmental 
model 600 Optical Monitoring System) were purchased and installed at the upstream and 
downstream ends of the study reach.  The meters continuously recorded stage (feet) and turbidity 
(nephelometric turbidity units, NTU) at fifteen-minute intervals for the entire quantitative monitoring 
period.  Approximately every 2 to 4 weeks for the duration of the study, data from the installed 
meters were downloaded, batteries were changed, and the meters were cleaned and recalibrated with 
  Photograph 3. Bankfull Floodplain Excavation   Photograph 4. Construction Complete 
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standard solutions.  A detailed checklist was created to ensure that every step of the data download, 
cleaning, and calibration process was completed properly.  Turbidity and specific conductivity 
calibration solutions were purchased from YSI Environmental and were used during all calibration 
events as per the manufacturer’s recommendations.  A detailed schematic of the meter and 
supporting hardware is shown below in Figure 3. 
 
(6 ft) 2" Ø GALVANIZED 
STEEL PIPE
(8 ft) 1/2" Ø REBAR
2" x 4" MOUNTING BOARD








1/2" Ø STAINLESS STEEL LAG BOLT
 
Figure 3.  Stage/Turbidity Meter Schematic 
 
Extensive fieldwork and research were conducted to determine the optimum location and 
method for meter installation.  Both meters were locked to the mounting hardware and suspended at 
the minimum allowable height above the channel bottom by a plastic-coated cable lock.  Each meter 
was protected, stabilized, and maintained in the vertical position by a 2”-diameter PVC pipe that was 
cut to fit the meter so that the stage and turbidity sensors remained fully exposed.  The stage sensor 
of the meter was a pressure transducer; therefore, vertical alignment was critical for accurate depth 
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measurements.  The PVC pipe was mounted to a 2” x 4” board to promote free-flow of water 
between the meter and the 2”-diameter galvanized metal pole on which the whole unit was mounted.  
The 2”-diameter galvanized metal pole was driven as far as possible into the streambed.  Next, the 2” 
x 4” board was secured to the galvanized metal pole with 1/2”-diameter stainless steel lag bolts.  For 
stability, a 1/2”-diameter rebar was also driven into the stream bed to which the meter and mounting 
hardware were attached with two hose clamps.  
3.4 TURBIDITY TO SSC CONVERSION 
One-liter water samples were periodically collected and sent to a laboratory (Midwest 
Analytical Services, Inc.) for suspended solids concentration (SSC) analysis.  The SSC samples were 
collected at both meter locations and 
were collected during a range of 
flowrates. SSC sample collections were 
typically coordinated with meter data 
downloads; however, every effort was 
made to obtain SSC samples during 
periods of elevated flowrates (i.e., 
during or immediately after storm 
events) so that the conversion equation 
was reflective of the data being analyzed.  The time and date of SSC sample collection were noted so 
that the sample’s suspended solids concentration (mg/m3), determined by the lab, could be related to 
the turbidity reading (NTU), recorded by the meter at the time of sample collection.   
As shown below in Figure 4, the resultant lab and meter data were plotted in Excel from 
which a linear regression equation was derived for conversion of all recorded turbidity data to SSC 
Photograph 5.  Downstream Stage/Turbidity Meter 
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values (Sansalone and Lin 2003).  It is recognized that the correlation between the data and the 
regression equations was less than optimal.  These correlations almost certainly could have been 
improved with the inclusion of additional SSC samples collected during a wider range of flowrates, 
but unfortunately the financial, time, physical and weather constraints for this study did not allow for 
additional sample collections.  The time period for sample collection was less than twelve months.  
As such, there were only a small number of storm events (seven) of sufficient size to warrant SSC 
sample collection.  In addition, the meters were inaccessible during periods of very high flowrates, 
were inaccessible during periods of cold weather and had to be removed prior to ice coverage of the 
stream. 
Combined Data High-Flow

















Linear (Turbidity vs. SSC)
 
Figure 4.  Turbidity to SSC Conversion Chart 
 
3.5 STAGE TO FLOWRATE CONVERSION 
After installation of the meters, a detailed stream cross-section and a bed slope profile were 
conducted at each location using differential leveling survey equipment.  This information was 
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entered into a stream analysis program created by the Ohio Department of Natural Resources, which 
enabled the conversion of stage readings into cross sectional areas and hydraulic radii (Mecklenburg 
2002).  The Federal Highway Administration’s (FHA’s) Guide for Selecting Manning's Roughness 
Coefficients for Natural Channels and Flood Plains was used to calculate “n” roughness coefficients 
for the channel and floodplain at each meter location (Federal Highway Administration 1984).  By 
following the protocol set forth in the abovementioned manual, high and low range “n” coefficients 
were generated for both the channel and floodplain based on geological, topographic, vegetative, and 
stream dimension information recorded during field operations.  The base “n” coefficient selected for 
the channel was verified by comparison with the “n” value generated by Limerinos Equation and was 























Rn        (3) 
Limerinos Equation, shown above as Equation 3, relates “n” to hydraulic radius and particle 
size (d84).  The d84 for Galbraith Drain, 1 mm, was determined from a pebble count conducted in the 
July 2003 geomorphologic survey of the stream.  The “n” value calculated for the floodplain was 
confirmed by comparison to a photo description in the FHA manual of an “n”-verified floodplain 
with similar soil, topographic, and vegetative features and was also found to be reasonable. 
The computed “n” values, cross sectional areas, hydraulic radii, and slopes were programmed 
into an Excel spreadsheet which used Manning’s equation to generate the Stage to Flowrate charts 
shown below in Figures 5 and 6.  Once the stage values entered into the spreadsheet became greater 
than the actual depth of the channel, a composite “n” value was used in Manning’s Equation, in 
which the floodplain “n” and the channel “n” were averaged based upon the proportion of the cross 
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section’s hydraulic radius which their respective areas occupied.  The equations obtained from the 
linear regression analyses were used to convert the depths recorded by the meters into flowrates. 
Downstream Meter
















Poly. (DS Q, cfs)
 Figure 5.  Stage to Flowrate Conversion Chart for Downstream Cross Section 
Precipitation data for the study period were purchased from the NOAA National Data Center; 
these data were obtained from the nearest available rain gauge to the site.  The maximum 24-hour 
rain event recorded during the study’s time period was 2.98”.  This value was entered into a U.S. 
Army Corps of Engineers’ HEC-HMS model created for the study reach resulting in a flowrate of 
442.6 cubic feet per second (ft3/sec).  The channel and floodplain “n” values were then adjusted 
within their high and low ranges until the stage to flowrate conversion equations produced an 
equivalent flowrate to that of the HEC-HMS model for the maximum stage recorded during the 
subject rain event; the maximum tolerance between the flowrates determined by the stage to 
flowrate equations compared to that of the HEC-HMS model was 0.4%. Thus, the stage to 
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flowrate conversion equations were calibrated based on actual precipitation and corresponding 
stage data.  Detailed calculations are presented in Appendix E. 
Upstream Meter
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CHAPTER 4:  RESULTS AND ANALYSES 
 
The methodologies for design, construction, and meter installation were presented above in 
Section 3.  A brief discussion of data collection from the meters and processing of that data for 
subsequent analysis is provided below in Section 4.1.  A mass versus mass analysis of the study data 
and the results of this analysis are detailed in Section 4.2.  In addition, a statistical analysis of the 
study data along with a discussion of those results is provided in Section 4.3. 
4.1 DATA COLLECTION AND PROCESSING 
As discussed above, every two to four weeks data were downloaded from the meters, the 
meters’ batteries were changed, and the meters were cleaned and recalibrated.  After the external 
surface of the meter was cleaned and the sensors were serviced, a cable was attached from a laptop 
computer to the meter.  EcoWatch software, provided by the meter manufacturer, was used to 
download the logged date/time, turbidity and stage data into a concise and user-friendly format.  The 
results of the downloaded data from the first storm event are shown below in Figure 7.  A strong 
correlation between stage (to be converted to flowrate) and turbidity (to be converted to SSC) is 
evident.  Charts such as the one shown below are provided in Appendix D for every storm event 
analyzed for this study (Storms 1 to 7). 
Data downloaded from the meters were separated into pre- and post-construction data sets.  
Within this division, storm events were isolated based on the recorded depth.  The stage sensor on 
each meter was approximately one foot above the channel bottom.  Consequently, when the stream’s 
water level was below this stage, the meter recorded a negative or zero depth.  By comparing 
recorded depths to the NOAA National Data Center precipitation data purchased for the area, it was 
determined that all positive recorded depths generally corresponded to a rain event, as shown below 
in Figure 8.  The selection of data to be analyzed was further narrowed to include only storms that 
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were large enough to reach the bankfull floodplain (approximately 1’ recorded meter depth or 2’ 
stream stage).  This resulted in seven available storms (five pre-construction storms and two post-
construction storms).  The entire data sets for these storms, Storms 1 to 7, are provided in 
Appendix D. 











































Figure 7.  Chart of Stage and Turbidity Data from First Storm Event 
 
Occasionally, the turbidity data contained abnormal spikes (possibly due to passing leaves or 
other debris that may have temporarily blocked the optical sensor on the meter).  Therefore, the 
standard deviation of the turbidity data was determined for the entire hydrograph of each storm and 
all readings that varied greater than two standard deviations from the previous and subsequent 
turbidity readings (15-minutes intervals) were averaged based on the contiguous readings so that the 
abnormal spike was dampened.  Next, the turbidity data were converted to SSC values (mg/L) using 
the turbidity to SSC conversion equation detailed in Section 3.4; the SSC values were then further 
converted to mg/ft3.  After conversion to concentration values (mg/ft3), a statistical analysis was 
conducted on the SSC data, as described below in Section 4.3. 
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Figure 8.  Chart of Precipitation versus Depth of Stream Recorded by Meter 
The recorded stage data were converted to flowrates using the stage to flowrate conversion 
equations derived from Manning’s equation, as described above in Section 3.5.  The flowrate values 
(ft3/s) were then converted to an incremental volume (ft3) by multiplying the flowrate times the 
number of seconds (900) contained in the 15-minute recording increment.  The incremental volumes 
were multiplied times the SSC values (mg/ft3) to convert the concentrations to incremental mass 
(mg), which was subsequently converted to kilograms (kg).  This process yielded the data used to 
analyze the project on a mass versus mass basis (incremental mass (kg) plotted as a function of 
incremental volume (ft3)), as detailed below in Section 4.2.  The raw data set for each storm and the 
conversion process to incremental volume and incremental mass are shown in Appendix D.   
In accordance with the manufacturer’s instructions, the meters were removed from Galbraith 
Drain during the winter months to prevent damage that could occur from ice formation and cold 
weather exposure.  Therefore, no data were collected from December 17, 2004, until the meters were 
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reinstalled on April 5, 2005.  Unfortunately, soon after the spring installation, the upstream meter 
was damaged by water infiltration and stopped recording.  An attempt was made to troubleshoot and 
repair the meter with standard maintenance procedures in the field and at the office.  However, the 
troubleshooting procedures were not successful; consequently, the upstream meter was shipped to the 
manufacturer for repair.  Due to delays in the repair process, the meter could not be reinstalled prior 
to the termination of data collection for the study. 
4.2 MASS VERSUS MASS ANALYSIS OF BANKFULL FLOODPLAIN EFFECTIVENESS 
As explained above, two separate analyses were conducted on the data to determine the 
effectiveness of this project.  The mass versus mass analysis will be explained herein.  The statistical 
analysis of the concentration data will be explained below in Section 4.3.   
In the mass versus mass analysis, SSC values (kg) were plotted as a function of volume (ft3).  
The advantage of this method is that SSC concentrations were quantified based upon the flowrate at 
which they occurred.  In other words, simple analyzation of SSC concentration data may produce 
skewed results when trying to determine the bankfull floodplain’s effectiveness at reducing sediment 
load because a high SSC concentration at a low flowrate would have the same bearing in the analysis 
as a high SSC concentration at a high flowrate; when in fact, the high SSC concentration at the high 
flowrate actually represents a much greater sediment load.  Since the SSC concentration data were 
multiplied by the flowrate to produce a mass value for this analysis, and were further plotted as a 
function of flowrate, the potential for skewed results from non-weighted concentrations was avoided. 
Because the pre-construction storm events occurred during the summer months, and the post-
construction storm events occurred during the winter months, it was assumed that overall SSC values 
would be different for the two data sets due to environmental factors (e.g., vegetative cover and 
aquatic micro flora), as well as anthropogenic factors (e.g., agricultural cultivation within the 
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watershed).  Therefore, it was decided that the simplest estimation of bankfull floodplain 
effectiveness, a direct comparison between the downstream meter SSC values for pre- and post-
construction storms, could not be conducted.  Similarly, a direct comparison of the change in SSC 
values between the upstream meter and the downstream meter for pre- and post-construction storm 
events could not be performed.  However, an analysis of the percent difference in the SSC values 
from the upstream meter to the downstream meter could be performed, and in fact was performed, to 
determine the effectiveness of the bankfull floodplain at reducing sediment load.  Since there are no 
tributaries to the stream within the study reach, and due to the pre-existing spoil banks that line 
nearly the entire length of both banks throughout the study reach, it can be reasonably concluded that 
any increase in SSC between the upstream and downstream meters is most likely the result of 
channel bottom and/or channel bank erosion.  Similarly, it can be reasonably concluded that a 
decrease in SSC value occurring from the upstream meter to the downstream meter is the result of 
sediment deposition onto the channel bed and/or onto the excavated bankfull floodplain. 
In order to make an overall comparison of the data gathered for the study, all pre-construction 
data (Storms 1 to 5) were plotted in an Excel chart from which a power trendline, and subsequent 
intrinsically linear regression equation, were obtained.  A combined chart was also completed for the 
post-construction storm events from which a power trendline and intrinsically linear regression 
equation were similarly obtained (Storms 6 and 7).  The SSC versus volume trend line for the 
downstream meter was generally equal or higher than that of the upstream meter for pre-construction 
storm events (see Figure 9 below).  In contrast, the SSC versus volume trend line for the downstream 
meter was nearly equal or less than that of the upstream meter for the post-construction storm events 
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 Figure 10.  Chart of Post-construction SSC vs. Incremental Volume 
 
The regression equations shown above in Figures 9 and 10 were used to perform a general 
analyzation of the overall effectiveness of the constructed bankfull floodplain at reducing the 
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sediment load transported by Galbraith Drain.  Flowrates varying from 55.6 cfs to 388.9 cfs were 
converted to incremental volumes, and SSC values were then extrapolated based upon the combined 
storm event regression equations for the upstream and downstream locations.  The flowrates used in 
this analysis represent stage values ranging from approximately 2.5 feet to 7.5 feet.  As shown below 
in Table 2, this extrapolation revealed an approximate 15.6% decrease to an approximate 9.2% 
increase in SSC for the pre-construction storm events between the upstream and downstream meters.   
 






US SSC, kg 
Pre-Const. 
DS SSC, kg 
SSC Change 
(DS - US), kg 
% Change in 
SSC  (DS - US) 
55.6 50,000 111.0 93.7 -17.4 -15.6% 
111.1 100,000 485.4 448.9 -36.5 -7.5% 
166.7 150,000 1,150.4 1,122.6 -27.8 -2.4% 
222.2 200,000 2,122.1 2,151.3 29.2 1.4% 
277.8 250,000 3,412.0 3,562.8 150.7 4.4% 
333.3 300,000 5,029.6 5,380.2 350.6 7.0% 
361.1 325,000 5,963.8 6,447.5 483.8 8.1% 
388.9 350,000 6,982.6 7,623.5 640.9 9.2% 
Note: cfs = cubic feet/second, cf = cubic feet, Const. = Construction, US = Upstream, DS = Downstream 
 
As shown below in Table 3, a similar extrapolation for the post-construction storm events 
revealed an approximate 10.9% to 41.6% decrease in SSC between the upstream and downstream 
meters.  Although the pre-construction analysis resulted in a larger percent decrease than the post-
construction analysis for the lowest flowrate, 55.6 cfs (approximate stage of 2.5 feet), this could be 
the result of sediment entrainment in water flowing right over the recently excavated bankfull 
floodplain (approximate stage of 2.0 feet), as the post-construction analysis resulted in larger percent 
decreases for every other flowrate.  In fact, the pre-construction analysis resulted in increases in SSC 
values between the upstream meter and downstream meter for flowrates greater than or equal to 










US SSC, kg 
Post-Const. 
DS SSC, kg 
SSC Change 
(DS - US), kg 
% Change in 
SSC  (DS - US) 
55.6 50,000 92.7 82.5 -10.1 -10.9% 
111.1 100,000 625.6 479.3 -146.3 -23.4% 
166.7 150,000 1,911.9 1,341.2 -570.7 -29.9% 
222.2 200,000 4,223.6 2,783.3 -1,440.4 -34.1% 
277.8 250,000 7,810.6 4,903.3 -2,907.3 -37.2% 
333.3 300,000 12,907.4 7,788.2 -5,119.3 -39.7% 
361.1 325,000 16,092.2 9,542.3 -6,549.8 -40.7% 
388.9 350,000 19,737.3 11,516.8 -8,220.5 -41.6% 
Note: cfs = cubic feet/second, cf = cubic feet, Const. = Construction, US = Upstream, DS = Downstream 
 
As shown on Figures 9 and 10, the largest common incremental volume from which all 
regression equations were determined was approximately 150,000 ft3 (approximate stage of 4.7 feet).  
Therefore, this is the most appropriate volume at which the bankfull floodplain’s effectiveness 
should be determined.  The pre-construction analysis resulted in a decrease of 2.4% at this volume, 
while the post-construction analysis resulted in a decrease of 29.9%.  Thus, there is a definitive 
decrease in SSC within the study reach after construction of the bankfull floodplain.   
4.3 STATISTICAL ANALYSIS OF BANKFULL FLOODPLAIN EFFECTIVENESS 
Although the mass versus mass analysis detailed above was effective in weighting the SSC 
concentrations based on flowrate, the conversion of stage data to flowrates introduces a possible 
source of inaccuracy into the analysis. The conversion of stage to flowrate is an inherent 
approximation, and one must assume that some deviation from actual values occurred.  As shown 
above in Figures 9 and 10, conversion of stage data to flowrates (incremental volume) revealed that 
the largest flowrate during pre-construction occurred at the upstream meter, while the largest flowrate 
occurred at the downstream meter during post-construction.  This may be the result of inaccurate 
depth recordings by the meters, inaccurate conversion of stage to flowrate, or it may be the result of 
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changes to the stream’s hydraulic characteristics that resulted from bankfull construction or 
downstream culvert replacements.  Whatever the reason, there are many factors that were beyond 
experimental control for this study with regard to flowrate determination. 
Therefore, a second analysis of the study data was conducted.  This statistical analysis was 
conducted on the SSC data as concentrations.  Since the concentration data were not associated with 
flowrates, the potential inaccuracy associated with the stage to flowrate conversion process was 
avoided.  As discussed above, it is recognized that analysis of the concentration data alone does not 
account for the flowrate at which the concentration occurred (i.e., the data is not weighted).  
However, by utilizing both the mass versus mass and statistical analysis methodologies, their results 
in total can be viewed as an accurate reflection of the bankfull floodplain’s effectiveness. 
In conjunction with Dr. James P. Geaghan (Professor, Department of Experimental Statistics, 
Louisiana State University), and Sasha Mozuliova (graduate from Master’s program, Department of 
Experimental Statistics, Louisiana State University), a statistical analysis program was written 
utilizing SAS, version 9.1.3, software.  Dr. Geaghan and Ms. Mozuliova also provided guidance in 
the interpretation of the SAS results.  A complete report of all SAS results as well as a printout of the 
SAS program is provided in Appendix C.   
An initial analysis of the data revealed that the variables were not normally distributed.  
Therefore, the data were transformed using the natural log.  Although transformation of the data did 
not result in normality, the residuals were brought closer to normality.  Perfectly normal data would 
result in a Shapiro-Wilk statistic of one (W = 1).  Data considered normal would result in a p Value 
(Pr < W) > 0.05.  As shown below in Table 4, the raw data set resulted in a Shapiro-Wilk statistic of 
W = 0.726484, while the log-transformed data resulted in a Shapiro-Wilk statistic of W = 0.891532.  
Again, neither data set resulted in normality, as both p Values were <0.05; however, there was a 
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significant improvement as a result of the log-transformation, so the statistical analysis was 
performed with the log-transformed data set. 
Table 4.  Tests for Normality 
Test Statistic P Value 
Shapiro-Wilk (No Transformation) W 0.726484 Pr < W <0.0001 
Shapiro-Wilk (with Log Transformation) D 0.891532 Pr > D <0.0001 
 
Again, the temporal variation between the pre- and post-construction storm events was 
assumed significant; therefore, a direct comparison of the downstream pre-construction SSC values 
to the downstream post-construction SSC values could not be performed.  However, the spatial 
variation between the sampling locations was not assumed to be significant in the performance of 
this statistical analysis.  As such, this analysis, as with the mass versus mass analysis, was designed 
to compare the percentage of change in SSC concentrations between the meter locations for the pre- 
and post-construction storms. 
Table 5.  Solution for Fixed Effects 
Solution for Fixed Effects 
Effect const Estimate Standard Error DF t Value Pr > |t| 
Const (ln b0) Post 1.1587 0.2676 751 4.33 <.0001 
Const (ln b0) Pre 0.9426 0.1303 751 7.23 <.0001 
LOG_UP*const (b1) Post 0.8576 0.03359 751 25.53 <.0001 
LOG_UP*const (b1) Pre 0.8961 0.01579 751 56.74 <.0001 
 
An Analysis of Covariance with nested treatments was performed on the log-transformed 
data within the SAS program utilizing the Proc Mixed procedure.  This procedure resulted in the 
solution for fixed effects shown above in Table 5.  The “Estimate” values shown are constants 
produced by the model from analysis of the upstream data to estimate the downstream SSC values.  
In a linear equation, b0 represents the intercept of the line, while b1 represents the slope (Equation 4).  
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In this equation, log-transformed data are input as the X value, while log-transformed data are output 
as the Y value.  In an intrinsically linear equation, b0 represents the slope of the line, while b1 
represents the curvature (Equation 5).  Because the “Estimates” were produced by the program from 
the log-transformed data, the intrinsically linear equation was utilized for the analysis. The anti-log of 
the “ln b0” values was input as b0.  This allowed for input and output of non-transformed data (i.e., 
SSC as mg/ft3) from Equation 5. 
 
logY =log b0 + b1logX .........................(linear)       (4) 
Y = b0Xb1 ...............................................(intrinsically linear)       (5) 
 where, X = upstream SSC (mg/ft3) and Y = predicted downstream SSC (mg/ft3) 




























   







 Figure 11.  Chart of Input Upstream SSC Values vs. Predicted Downstream SSC Values 
As shown above in Figure 11, the SAS results for the pre-construction analysis predict a 
greater slope and greater rate of curvature for the upstream SSC values (x-axis) as related to the 
downstream values (y-axis) than is predicted by the post-construction analysis.  Figure 11 is shown 
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over the range of SSC data actually encountered during the study with an upper limit of 
approximately 20,000 mg/ft3.  
To quantify the results of this analysis, a range of SSC concentrations were input into the 
equations shown above in Figure 11. The results of this process are provided below in Table 6.  As 
shown, an increase in SSC concentrations from upstream to downstream meter location resulted for 
the pre-construction analysis and ranged from 13.9% to 55.4%; while a decrease in SSC 
concentrations resulted for the post-construction analysis from upstream to downstream meter 
location and ranged from 4.0% to 37.4%.  The mean SSC concentration value for the entire data set 
was calculated as 5,821 mg/ft3. When this value was entered into the SAS-generated equations, an 
increase in SSC of 29.4% resulted for the pre-construction conditions, while a decrease of 25.3% was 
determined for the post-construction conditions. Again, it is recognized that analysis of the 
concentration data alone does not account for the variation of flowrates at which the data was 
obtained; however, the improvement resulting from the construction of the bankfull floodplain is 
definitive and significant. 
 

















(DS - US), 
mg/ft3 
Post-Const. 
% Change in 
SSC 
1,000 1,554 554 55.4% 960 -40 -4.0%
5,000 6,575 1,575 31.5% 3,816 -1,184 -23.7%
5,8213 7,534 1,713 29.4% 4,347 -1,474 -25.3%
10,000 12,235 2,235 22.4% 6,915 -3,085 -30.9%
15,000 17,596 2,596 17.3% 9,790 -5,210 -34.7%
20,000 22,770 2,770 13.9% 12,529 -7,471 -37.4%
Notes:  
1. Const. = Construction, US = Upstream, DS = Downstream 
2. Upstream SSC values are input by the user; downstream SSC values are predicted by output parameters 
generated by the SAS model. 




CHAPTER 5:  SUMMARY AND CONCLUSIONS 
 
Analysis of the study results and discussion of the findings were presented above in Section 
4.  A brief overview of the background, methodologies, and strategies utilized for the completion of 
this thesis is provided below in Section 5.1.  Conclusions reached from analyses of the study data are 
detailed in Section 5.2.  Finally, Section 5.3 contains information regarding additional research that 
could be conducted to further evaluate the effectiveness of using regional hydraulic geometry curves 
to design bankfull floodplains for stabilization of urbanized streams.  This section also contains a 
brief discussion regarding the application of the findings of this study. 
5.1 SUMMARY 
The primary objective of this thesis was to determine the effectiveness of using regional 
hydraulic geometry curves for designing bankfull floodplains as a means to stabilize degraded, 
incised, channelized and/or straightened urban streams.  In stable streams bankfull discharge is 
contained within the stream’s banks.  Higher flows spread out onto the floodplain where the 
water’s velocity drops due to the increase in area and vegetation.  There are three methods 
typically employed for determination of bankfull stage.  The first method involves frequency 
analysis of historical gage data.  Another method involves approximation of bankfull depth by 
observation of field indicators; this depth approximation, along with Manning’s equation and its 
associated stream geometries, can be used to approximate bankfull discharge.  In cases such as 
Galbraith Drain where historical gage data are not available and field indicators are not present, a 
stream’s bankfull depth may be estimated by a third method, which involves the utilization of 
hydraulic geometry curves.  
The Galbraith Drain watershed encompasses approximately 4 square miles. The lower 
half of the watershed containing the study reach is heavily developed, including industrial, 
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commercial, and several residential areas.  The original stream section that contains the study 
reach was removed from its natural floodplain between State Road and M-25 and relocated as a 
straightened, trapezoidal channel.   
Over forty cross sections were taken at fifteen different rivers, streams, and creeks within the 
region of Galbraith Drain.  The streams and rivers targeted during this field investigation have 
drainage areas ranging from 1/4 square mile up to 480 square miles.  Streams in their natural state 
and previously channelized streams that had since reestablished their floodplain were incorporated 
into the data set if they displayed characteristics of a hydrodynamically stable channel.  These field 
data were subsequently processed, and the resultant equations (hydraulic geometry curves) 
developed through linear regression were used to design and construct the bankfull floodplain of the 
study reach.  
Two continuous-logging stage and turbidity meters were purchased and installed at the 
upstream and downstream ends of the study reach.  The meters continuously recorded stage (feet) 
and turbidity (nephelometric turbidity units, NTU) at fifteen-minute intervals for the entire 
quantitative monitoring period.  Suspended solids concentration (SSC), as a function of turbidity, 
was selected as the sentinel water quality parameter by which the effectiveness of the design was 
measured.  One-liter water samples were periodically collected and sent to a laboratory for 
suspended solids concentration (SSC) analysis.  The SSC samples were collected at both meter 
locations during a range of flowrates so that the regression equation used to convert the data was 
reflective of the data being analyzed.  The time and date of SSC sample collection were noted so that 
the sample’s suspended solids concentration (mg/m3), determined by the lab, could be related to the 
turbidity reading (NTU), recorded by the meter at the time of sample collection.   
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After installation of the meters, a detailed stream cross-section and a bed slope profile were 
conducted at each location using differential leveling survey equipment.  This information was 
entered into a stream analysis program, which enabled the conversion of stage readings into cross 
sectional areas and hydraulic radii.  The Federal Highway Administration’s (FHA’s) Guide for 
Selecting Manning's Roughness Coefficients for Natural Channels and Flood Plains was used to 
calculate “n” roughness coefficients for the channel and floodplain at each meter location.  The 
computed “n” values, cross sectional areas, hydraulic radii, and slopes were programmed into an 
Excel spreadsheet which used Manning’s equation to generate equations for converting stage data to 
flowrates.   
The turbidity data were converted to SSC values (mg/L) using the turbidity to SSC 
conversion equation detailed above; the SSC values were then further converted to mg/ft3.  After 
conversion to concentration values (mg/ft3), a statistical analysis was conducted on the SSC data.  
The flowrate values (ft3/s) were converted to an incremental volume (ft3) by multiplying the flowrate 
times the number of seconds (900) contained in the 15-minute recording increment.  The incremental 
volumes were multiplied times the SSC values (mg/ft3) to convert the concentrations to incremental 
mass (mg), which was subsequently converted to kilograms (kg).  This process yielded the data used 
to analyze the project on a mass versus mass basis (incremental mass (kg) plotted as a function of 
incremental volume (ft3)).   
5.2 CONCLUSIONS 
In the mass versus mass analysis, the SSC versus volume trend lines for the downstream 
meter were typically equal or higher than those of the upstream meter for pre-construction storm 
events.  In other words, SSC values appeared to be greater at the downstream meter than at the 
upstream meter.  Since there are no tributaries to the stream within the study reach, and due to the 
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pre-existing spoil banks that line nearly the entire length of both banks throughout the study reach, it 
can be reasonably concluded that any increase in SSC between the upstream and downstream meters 
is most likely the result of channel bottom and/or channel bank erosion.  In contrast, the SSC versus 
volume trend lines for the downstream meter were nearly equal or less than those of the upstream 
meter for the post-construction storm events, indicating that SSC generation was decreased within 
the study reach and/or SSC flowing into the reach was being deposited onto the excavated bankfull 
floodplain. In fact, when the largest common incremental volume from which all mass versus mass 
regression equations were determined, approximately 150,000 ft3, was entered into the equations, the 
pre-construction analysis resulted in a SSC decrease of 2.4%, while the post-construction analysis 
resulted in a SSC decrease of 29.9%.  Thus, there is a definitive decrease in SSC within the study 
reach after construction of the bankfull floodplain. 
Although the mass versus mass analysis detailed above was effective in weighting the SSC 
concentrations based on flowrate, the conversion of stage data to flowrates introduces a possible 
source of inaccuracy into the analysis. Therefore, a statistical analysis was conducted on the SSC 
data as concentrations.  Since the concentration data were not associated with flowrates, the potential 
inaccuracy associated with the stage to flowrate conversion process was avoided.  By utilizing both 
the mass versus mass and statistical analysis methodologies, their results in total can be viewed as an 
accurate reflection of the bankfull floodplain’s effectiveness.  
An Analysis of Covariance with nested treatments was performed on the log-transformed 
data within SAS software utilizing the Proc Mixed procedure.  The program produced constants from 
analysis of the upstream data, which were utilized with an intrinsically linear equation to estimate the 
downstream SSC values.  To quantify the results of this analysis, a range of SSC concentrations were 
input into the equations. This process resulted in increases in SSC concentrations from upstream to 
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downstream meter location for the pre-construction analysis that ranged from 13.9% to 55.4%; in 
contrast, the analysis resulted in decreases in SSC concentrations for the post-construction analysis 
from upstream to downstream meter location that ranged from 4.0% to 37.4%.  It is recognized that 
analysis of the concentration data alone does not account for the variation of flowrates at which the 
data was obtained; however, the improvement resulting from the construction of the bankfull 
floodplain is definitive and significant. 
5.3 ADDITIONAL RESEARCH AND APPLICATION OF STUDY FINDINGS  
Due to the infrequency of storms of a sufficient magnitude to reach the bankfull floodplain 
and the limited time frame in which data was able to be collected for this study, only seven storms 
were available for analysis of this study.  However, the initial results presented herein are promising 
and indicate that further study is warranted.  Survey data from additional reference streams and rivers 
would serve to enhance the regional hydraulic geometry curves developed for this study (i.e., provide 
for better correlation between the data sets and the regression equations).  Similarly, additional SSC 
samples collected from a wider range of flowrates would serve to improve the regression equations 
used to convert turbidity to SSC.  Furthermore, reinstallation of the meters within the study reach 
could allow for data collection from more storms so that a more reliable comparison could be made 
between the SSC values obtained at the upstream and downstream meter locations. 
Through the performance of this study, it is felt that regional hydraulic geometry curves 
were validated as a useful and cost effective tool for stabilizing urban streams.  In fact, the 
analyses presented above demonstrate that the bankfull floodplain constructed along Galbraith 
Drain is an effective mechanism for reducing sediment loads.  As such, this thesis offers the 
potential to impact real world design projects by enabling engineers and scientist to short-circuit 
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issues that typically hinder stream restoration (e.g., high design and survey costs, high 
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APPENDIX B:  PHOTOGRAPHS
46 
Galbraith Drain Project Reach and Stage/Turbidity Meter Photographs 
 
 
Photo 1 – Downstream stage/turbidity meter. 
 
 




Photo 3 – Banks and floodplain near upstream meter. 
 
 




Photo 5 – Clearing and grubbing of bankfull floodplain area. 
 
 




Photo 7 – Excavation and grading of bankfull floodplain. 
 
 





Photo 9 – Construction complete.  Seeded, stabilized, and fenced bankfull floodplain. 
 
 




Photo 11 – Construction complete.  Seeded, stabilized, and fenced bankfull floodplain. 
 
 




Photo 13 – Rock cross vane located downstream of project reach. 
 
53 
Regional Curve Reference Stream Photographs 
 
 
Photo 14 – Black River (480 sq. mi. watershed) - Reference Stream surveyed for  
  regional curve data.  Note:  photo taken after a rain event. 
 
 
Photo 15 – South Branch Pine River (36 sq. mi. watershed) - Reference Stream  





Photo 16 – South Branch Belle River (32 sq. mi. watershed) - Reference Stream  
surveyed for regional curve data. 
 
 
Photo 17 – Unnamed Tributary to Belle River (0.24 sq. mi. watershed) –  










libname sasuser 'C:\Statistics\';  
dm'log;clear;output;clear';  
 
***********************************************************************;                                     
ODS RTF FILE='C:\Statistics\STORM_OUTPUT.RTF';                                                                                         
DATA ONE (DROP=STORM_);                                                                                                                  
SET DATA;                                                                                                                                
STORM=STORM_;                                                                                                                            
const = 'Post';                                                                                                                          
if storm lt 6 then const = 'Pre';                                                                                                        
DOWN=SSC_KG_DOWN;                                                                                                                        
UP=SSC_KG_UP;                                                                                                                            
LOG_UP=log(UP);                                                                                                                          
LOG_DOWN=log(DOWN);                                                                                                                      
IF STORM=6 OR STORM=7 THEN STORM_GR=1;***SEPARATING INTO PRE- AND 
POST-CONSTRUCTION                                                      
STORMS**;                                                                                                                                
ELSE STORM_GR=0;                                                                                                                         
RUN;                                                                                                                                     
                                                                                                                                         
                                                                                                                                         
OPTIONS LS= 111 PS= 56;                                                                                                                  
PROC PLOT DATA=ONE;                                                                                                                      
PLOT DOWN*UP=STORM;                                                                                                                      
RUN;                                                                                                                                     
QUIT;                                                                                                                                    
                                                                                                                                         
                                                                                                                                         
PROC PLOT DATA=ONE;                                                                                                                      
PLOT LOG_DOWN*LOG_UP=STORM;                                                                                                              
RUN;                                                                                                                                     
QUIT;                                                                                                                                    
OPTIONS LS=80 PS=256;                                                                                                                    
                                                                                                                                         
                                                                                                                                         
PROC SORT DATA=ONE;                                                                                                                      
BY STORM;                                                                                                                                
RUN;                                                                                                                                     
                                                                                                                                         
PROC MIXED DATA=ONE;                                                                                                                     
title1 'Linear Model for Testing';                                                                                                       
CLASS STORM const;                                                                                                                       
MODEL DOWN = const UP UP*const storm(const) up*storm(const) / htype=1 3 SOLUTION 
outp=resida;                                            
lsmeans const storm(const) / adjust=tukey;                                                                                               
RUN;                                                                                                                                     
58 
                                                                                                                                         
PROC MIXED DATA=ONE;                                                                                                                     
title1 'Linear Model for Estimates';                                                                                                     
CLASS STORM const;                                                                                                                       
MODEL DOWN = const UP*const / noint SOLUTION;                                                                                          
RUN;                                                                                                                                     
                                                                                                                                         
PROC MIXED DATA=ONE;                                                                                                                     
title1 'Linear Model for Estimates';                                                                                                     
CLASS STORM const;                                                                                                                       
MODEL DOWN = storm UP*storm / noint SOLUTION;                                                                                        
RUN;                                                                                                                                     
                                                                                                                                         
PROC MIXED DATA=ONE;                                                                                                                     
title1 'Log Model for Testing';                                                                                                          
CLASS STORM const;                                                                                                                       
MODEL LOG_DOWN = const LOG_UP LOG_UP*const storm(const) log_up*storm(const) / 
htype=1 3 SOLUTION outp=residl;                            
lsmeans const storm(const) / adjust=tukey;                                                                                               
RUN;                                                                                                                                     
                                                                                                                                         
PROC MIXED DATA=ONE;                                                                                                                     
title1 'Log Model for Estimates';                                                                                                        
CLASS STORM const;                                                                                                                       
MODEL LOG_DOWN = const LOG_UP*const / noint SOLUTION;                                                                      
RUN;                                                                                                                                     
                                                                                                                                         
PROC MIXED DATA=ONE;                                                                                                                     
title1 'Log Model for Estimates';                                                                                                        
CLASS STORM const;                                                                                                                       
MODEL LOG_DOWN = storm LOG_UP*storm / noint SOLUTION;                                                                    
RUN;                                                                                                                                     
                                                                                                                                         
QUIT;                                                                                                                                    
                                                                                                                                         
title1 'Linear Model';                                                                                                                   
PROC UNIVARIATE DATA=RESIDA PLOT NORMAL; VAR resid; RUN;                                                       
title1 'Log Model';                                                                                                                      
PROC UNIVARIATE DATA=RESIDL PLOT NORMAL; VAR resid; RUN;                                                        
                                                                                                                                         
ODS RTF CLOSE;                                                                                                                           
QUIT;                                                                                                                                    
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                                  Plot of DOWN*UP.  Symbol is value of STORM.                                   
  DOWN                                                                                                                
 mg/cf‚                                                                                                         
      ‚                                                                                                         
25000 ˆ                                                                                                         
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NOTE: 886 obs had missing values.  497 obs hidden.                                                              
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                              Plot of LOG_DOWN*LOG_UP.  Symbol is value of STORM.                               
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Dependent Variable DOWN 
Covariance Structure Diagonal 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based
Degrees of Freedom Method Residual 
 
 
Class Level Information 
Class Levels Values 
STORM 7 1 2 3 4 5 6 7 





Columns in X 20
Columns in Z 0
Subjects 1
Max Obs Per Subject 1641
Observations Used 755

















-2 Res Log Likelihood 14179.6
AIC (smaller is better) 14181.6
AICC (smaller is better) 14181.6
BIC (smaller is better) 14186.2
 
 
Solution for Fixed Effects 
Effect const STORM Estimate
Standard 
Error DF t Value Pr > |t| 
Intercept   944.77 582.78 741 1.62 0.1054 
const Post  63.4555 686.97 741 0.09 0.9264 
const Pre  0 . . . . 
UP   0.7750 0.4793 741 1.62 0.1063 
UP*const Post  -0.00104 0.4833 741 -0.00 0.9983 
UP*const Pre  0 . . . . 
STORM(const) Post 6 -430.68 574.77 741 -0.75 0.4539 
STORM(const) Post 7 0 . . . . 
STORM(const) Pre 1 68.2829 650.58 741 0.10 0.9164 
STORM(const) Pre 2 17709 1807.57 741 9.80 <.0001 
STORM(const) Pre 3 665.68 842.68 741 0.79 0.4298 
STORM(const) Pre 4 -1104.79 705.67 741 -1.57 0.1179 
STORM(const) Pre 5 0 . . . . 
UP*STORM(const) Post 6 0.03962 0.1215 741 0.33 0.7445 
UP*STORM(const) Post 7 0 . . . . 
UP*STORM(const) Pre 1 0.1524 0.4801 741 0.32 0.7510 
UP*STORM(const) Pre 2 -0.7537 0.4881 741 -1.54 0.1230 
UP*STORM(const) Pre 3 0.1395 0.4821 741 0.29 0.7723 
UP*STORM(const) Pre 4 0.2265 0.4812 741 0.47 0.6380 
UP*STORM(const) Pre 5 0 . . . . 
 
 





Type 1 Tests of Fixed Effects 
Effect Num DF Den DF F Value Pr > F 
const 1 741 201.90 <.0001 
UP 1 741 2727.98 <.0001 
UP*const 1 741 6.16 0.0133 
STORM(const) 5 741 4.13 0.0011 
UP*STORM(const) 5 741 19.54 <.0001 
 
 
Type 3 Tests of Fixed Effects 
Effect Num DF Den DF F Value Pr > F 
const 1 741 55.10 <.0001 
UP 1 741 153.52 <.0001 
UP*const 1 741 0.32 0.5703 
STORM(const) 5 741 23.30 <.0001 
UP*STORM(const) 5 741 19.54 <.0001 
 
 
Least Squares Means 
Effect const STORM Estimate
Standard 
Error DF t Value Pr > |t| 
const Post  5283.56 232.10 741 22.76 <.0001 
const Pre  8530.70 528.23 741 16.15 <.0001 
STORM(const) Post 6 5180.27 378.27 741 13.69 <.0001 
STORM(const) Post 7 5386.84 269.04 741 20.02 <.0001 
STORM(const) Pre 1 6259.85 212.59 741 29.45 <.0001 
STORM(const) Pre 2 18774 1242.67 741 15.11 <.0001 
STORM(const) Pre 3 6784.29 425.31 741 15.95 <.0001 
STORM(const) Pre 4 5505.79 294.84 741 18.67 <.0001 
STORM(const) Pre 5 5329.27 2262.41 741 2.36 0.0188 
 
 





Differences of Least Squares Means 
Effect const STORM _const _STORM Estimate
Standard 
Error DF t Value Pr > |t| Adjustment Adj P
const Post  Pre  -3247.15 576.97 741 -5.63 <.0001 Tukey-Kramer <.0001
STORM(const) Post 6 Post 7 -206.57 464.19 741 -0.45 0.6564 Tukey-Kramer 0.9994
STORM(const) Post 6 Pre 1 -1079.58 433.92 741 -2.49 0.0131 Tukey-Kramer 0.1651
STORM(const) Post 6 Pre 2 -13594 1298.97 741 -10.47 <.0001 Tukey-Kramer <.0001
STORM(const) Post 6 Pre 3 -1604.02 569.19 741 -2.82 0.0050 Tukey-Kramer 0.0733
STORM(const) Post 6 Pre 4 -325.52 479.61 741 -0.68 0.4975 Tukey-Kramer 0.9937
STORM(const) Post 6 Pre 5 -149.00 2293.81 741 -0.06 0.9482 Tukey-Kramer 1.0000
STORM(const) Post 7 Pre 1 -873.01 342.90 741 -2.55 0.0111 Tukey-Kramer 0.1446
STORM(const) Post 7 Pre 2 -13387 1271.46 741 -10.53 <.0001 Tukey-Kramer <.0001
STORM(const) Post 7 Pre 3 -1397.45 503.26 741 -2.78 0.0056 Tukey-Kramer 0.0818
STORM(const) Post 7 Pre 4 -118.95 399.14 741 -0.30 0.7658 Tukey-Kramer 0.9999
STORM(const) Post 7 Pre 5 57.5749 2278.35 741 0.03 0.9798 Tukey-Kramer 1.0000
STORM(const) Pre 1 Pre 2 -12514 1260.73 741 -9.93 <.0001 Tukey-Kramer <.0001
STORM(const) Pre 1 Pre 3 -524.44 475.48 741 -1.10 0.2704 Tukey-Kramer 0.9272
STORM(const) Pre 1 Pre 4 754.07 363.49 741 2.07 0.0384 Tukey-Kramer 0.3690
STORM(const) Pre 1 Pre 5 930.59 2272.37 741 0.41 0.6823 Tukey-Kramer 0.9996
STORM(const) Pre 2 Pre 3 11990 1313.44 741 9.13 <.0001 Tukey-Kramer <.0001
STORM(const) Pre 2 Pre 4 13269 1277.17 741 10.39 <.0001 Tukey-Kramer <.0001
STORM(const) Pre 2 Pre 5 13445 2581.23 741 5.21 <.0001 Tukey-Kramer <.0001
STORM(const) Pre 3 Pre 4 1278.50 517.51 741 2.47 0.0137 Tukey-Kramer 0.1716
STORM(const) Pre 3 Pre 5 1455.02 2302.04 741 0.63 0.5275 Tukey-Kramer 0.9958
STORM(const) Pre 4 Pre 5 176.52 2281.54 741 0.08 0.9384 Tukey-Kramer 1.0000







Dependent Variable DOWN 
Covariance Structure Diagonal 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based
Degrees of Freedom Method Residual 
 
 
Class Level Information 
Class Levels Values 
STORM 7 1 2 3 4 5 6 7 





Columns in X 6
Columns in Z 0
Subjects 1
Max Obs Per Subject 1641
Observations Used 755

















-2 Res Log Likelihood 14347.9
AIC (smaller is better) 14349.9
AICC (smaller is better) 14349.9
BIC (smaller is better) 14354.5
 
Solution for Fixed Effects 
Effect const Estimate Standard Error DF t Value Pr > |t| 
Intercept  970.09 197.89 751 4.90 <.0001 
const Post -154.08 355.22 751 -0.43 0.6646 
const Pre 0 . . . . 
UP  0.9285 0.01982 751 46.84 <.0001 
UP*const Post -0.1389 0.05989 751 -2.32 0.0206 
UP*const Pre 0 . . . . 
 
Type 3 Tests of Fixed Effects 
Effect Num DF Den DF F Value Pr > F
const 1 751 0.19 0.6646
UP 1 751 822.84 <.0001
UP*const 1 751 5.38 0.0206
 
Least Squares Means 
Effect const UP Estimate
Standard 
Error DF t Value Pr > |t| 
const Post 437.00 1161.03 277.56 751 4.18 <.0001 
const Pre 437.00 1375.83 192.23 751 7.16 <.0001 
const Post 1000.0 1605.53 256.86 751 6.25 <.0001 
const Pre 1000.0 1898.55 185.29 751 10.25 <.0001 
 
Differences of Least Squares Means 
Effect const _const UP Estimate
Standard 
Error DF t Value Pr > |t| Adjustment Adj P
const Post Pre 437.00 -214.80 337.63 751 -0.64 0.5248 Tukey-Kramer 0.5248
const Post Pre 1000.0 -293.02 316.71 751 -0.93 0.3552 Tukey-Kramer 0.3552







Dependent Variable DOWN 
Covariance Structure Diagonal 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based
Degrees of Freedom Method Residual 
 
 
Class Level Information 
Class Levels Values 
STORM 7 1 2 3 4 5 6 7 





Columns in X 4
Columns in Z 0
Subjects 1
Max Obs Per Subject 1641
Observations Used 755

















-2 Res Log Likelihood 14347.9
AIC (smaller is better) 14349.9
AICC (smaller is better) 14349.9
BIC (smaller is better) 14354.5
 
 
Solution for Fixed Effects 
Effect const Estimate 
Standard 
Error DF t Value Pr > |t|
Alph
a Lower Upper
const Post 816.02 294.99 751 2.77 0.0058 0.05 236.90 1395.13
const Pre 970.09 197.89 751 4.90 <.0001 0.05 581.61 1358.58
UP*const Post 0.7895 0.05652 751 13.97 <.0001 0.05 0.6786 0.9005
UP*const Pre 0.9285 0.01982 751 46.84 <.0001 0.05 0.8895 0.9674
 
 
Type 3 Tests of Fixed Effects 
Effect Num DF Den DF F Value Pr > F
const 2 751 15.84 <.0001
UP*const 2 751 1194.71 <.0001







Dependent Variable DOWN 
Covariance Structure Diagonal 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based
Degrees of Freedom Method Residual 
 
 
Class Level Information 
Class Levels Values 
STORM 7 1 2 3 4 5 6 7 





Columns in X 14
Columns in Z 0
Subjects 1
Max Obs Per Subject 1641
Observations Used 755

















-2 Res Log Likelihood 14179.6
AIC (smaller is better) 14181.6
AICC (smaller is better) 14181.6
BIC (smaller is better) 14186.2
 
 
Solution for Fixed Effects 
Effect STORM Estimate
Standard 
Error DF t Value Pr > |t|
Alph
a Lower Upper
STORM 1 1013.05 289.17 741 3.50 0.0005 0.05 445.36 1580.74
STORM 2 18654 1711.04 741 10.90 <.0001 0.05 15295 22013
STORM 3 1610.45 608.66 741 2.65 0.0083 0.05 415.54 2805.35
STORM 4 -160.03 397.92 741 -0.40 0.6877 0.05 -941.20 621.15
STORM 5 944.77 582.78 741 1.62 0.1054 0.05 -199.33 2088.87
STORM 6 577.54 445.04 741 1.30 0.1948 0.05 -296.16 1451.24
STORM 7 1008.22 363.72 741 2.77 0.0057 0.05 294.17 1722.28
UP*STORM 1 0.9274 0.02811 741 32.99 <.0001 0.05 0.8723 0.9826
UP*STORM 2 0.02134 0.09218 741 0.23 0.8170 0.05 -0.1596 0.2023
UP*STORM 3 0.9146 0.05165 741 17.71 <.0001 0.05 0.8131 1.0160
UP*STORM 4 1.0015 0.04264 741 23.49 <.0001 0.05 0.9178 1.0852
UP*STORM 5 0.7750 0.4793 741 1.62 0.1063 0.05 -0.1659 1.7159
UP*STORM 6 0.8136 0.1045 741 7.78 <.0001 0.05 0.6084 1.0188
UP*STORM 7 0.7740 0.06193 741 12.50 <.0001 0.05 0.6524 0.8956
 
 
Type 3 Tests of Fixed Effects 
Effect Num DF Den DF F Value Pr > F
STORM 7 741 21.47 <.0001
UP*STORM 7 741 310.44 <.0001






Data Set WORK.ONE 
Dependent Variable LOG_DOWN
Covariance Structure Diagonal 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Residual 
 
 
Class Level Information 
Class Levels Values 
STORM 7 1 2 3 4 5 6 7 





Columns in X 20
Columns in Z 0
Subjects 1
Max Obs Per Subject 1641
Observations Used 755

















-2 Res Log Likelihood 663.3
AIC (smaller is better) 665.3
AICC (smaller is better) 665.3
BIC (smaller is better) 669.9
 
 
Solution for Fixed Effects 
Effect const STORM Estimate
Standard 
Error DF t Value Pr > |t|
Intercept   2.1670 0.5589 741 3.88 0.0001
const Post  -0.9795 0.6455 741 -1.52 0.1296
const Pre  0 . . . .
LOG_UP   0.7501 0.08257 741 9.08 <.0001
LOG_UP*const Post  0.1081 0.09179 741 1.18 0.2393
LOG_UP*const Pre  0 . . . .
STORM(const) Post 6 0.07234 0.4959 741 0.15 0.8841
STORM(const) Post 7 0 . . . .
STORM(const) Pre 1 -2.0480 0.5919 741 -3.46 0.0006
STORM(const) Pre 2 7.9193 1.2014 741 6.59 <.0001
STORM(const) Pre 3 -1.6872 0.7668 741 -2.20 0.0281
STORM(const) Pre 4 -2.3945 0.6436 741 -3.72 0.0002
STORM(const) Pre 5 0 . . . .
LOG_UP*STORM(const) Post 6 -0.01897 0.06248 741 -0.30 0.7615
LOG_UP*STORM(const) Post 7 0 . . . .
LOG_UP*STORM(const) Pre 1 0.2406 0.08578 741 2.80 0.0052
LOG_UP*STORM(const) Pre 2 -0.7864 0.1380 741 -5.70 <.0001
LOG_UP*STORM(const) Pre 3 0.2025 0.1017 741 1.99 0.0469
LOG_UP*STORM(const) Pre 4 0.2670 0.09100 741 2.93 0.0035
LOG_UP*STORM(const) Pre 5 0 . . . .
 
 





Type 1 Tests of Fixed Effects 
Effect Num DF Den DF F Value Pr > F 
const 1 741 119.25 <.0001 
LOG_UP 1 741 4708.46 <.0001 
LOG_UP*const 1 741 1.31 0.2523 
STORM(const) 5 741 16.22 <.0001 
LOG_UP*STORM(const) 5 741 18.31 <.0001 
 
 
Type 3 Tests of Fixed Effects 
Effect Num DF Den DF F Value Pr > F 
const 1 741 12.47 0.0004 
LOG_UP 1 741 1243.11 <.0001 
LOG_UP*const 1 741 6.62 0.0103 
STORM(const) 5 741 19.78 <.0001 
LOG_UP*STORM(const) 5 741 18.31 <.0001 
 
 
Least Squares Means 
Effect const STORM Estimate
Standard 
Error DF t Value Pr > |t| 
const Post  8.0886 0.02357 741 343.20 <.0001 
const Pre  8.4687 0.04604 741 183.93 <.0001 
STORM(const) Post 6 8.0481 0.03617 741 222.48 <.0001 
STORM(const) Post 7 8.1292 0.03022 741 268.98 <.0001 
STORM(const) Pre 1 8.1324 0.02530 741 321.38 <.0001 
STORM(const) Pre 2 9.7924 0.1827 741 53.60 <.0001 
STORM(const) Pre 3 8.1848 0.06251 741 130.94 <.0001 
STORM(const) Pre 4 7.9994 0.03570 741 224.06 <.0001 
STORM(const) Pre 5 8.2344 0.1175 741 70.07 <.0001 
 
 





Differences of Least Squares Means 
Effect const STORM _const _STORM Estimate
Standard 
Error DF t Value Pr > |t| Adjustment Adj P
const Post  Pre  -0.3801 0.05173 741 -7.35 <.0001 Tukey-Kramer <.0001
STORM(const) Post 6 Post 7 -0.08110 0.04714 741 -1.72 0.0858 Tukey-Kramer 0.6025
STORM(const) Post 6 Pre 1 -0.08436 0.04415 741 -1.91 0.0564 Tukey-Kramer 0.4736
STORM(const) Post 6 Pre 2 -1.7443 0.1862 741 -9.37 <.0001 Tukey-Kramer <.0001
STORM(const) Post 6 Pre 3 -0.1368 0.07222 741 -1.89 0.0586 Tukey-Kramer 0.4851
STORM(const) Post 6 Pre 4 0.04867 0.05082 741 0.96 0.3386 Tukey-Kramer 0.9627
STORM(const) Post 6 Pre 5 -0.1863 0.1230 741 -1.52 0.1300 Tukey-Kramer 0.7355
STORM(const) Post 7 Pre 1 -0.00326 0.03942 741 -0.08 0.9341 Tukey-Kramer 1.0000
STORM(const) Post 7 Pre 2 -1.6632 0.1852 741 -8.98 <.0001 Tukey-Kramer <.0001
STORM(const) Post 7 Pre 3 -0.05567 0.06943 741 -0.80 0.4229 Tukey-Kramer 0.9848
STORM(const) Post 7 Pre 4 0.1298 0.04678 741 2.77 0.0057 Tukey-Kramer 0.0823
STORM(const) Post 7 Pre 5 -0.1052 0.1213 741 -0.87 0.3860 Tukey-Kramer 0.9772
STORM(const) Pre 1 Pre 2 -1.6600 0.1844 741 -9.00 <.0001 Tukey-Kramer <.0001
STORM(const) Pre 1 Pre 3 -0.05241 0.06743 741 -0.78 0.4373 Tukey-Kramer 0.9871
STORM(const) Pre 1 Pre 4 0.1330 0.04376 741 3.04 0.0024 Tukey-Kramer 0.0392
STORM(const) Pre 1 Pre 5 -0.1020 0.1202 741 -0.85 0.3965 Tukey-Kramer 0.9796
STORM(const) Pre 2 Pre 3 1.6076 0.1931 741 8.33 <.0001 Tukey-Kramer <.0001
STORM(const) Pre 2 Pre 4 1.7930 0.1861 741 9.63 <.0001 Tukey-Kramer <.0001
STORM(const) Pre 2 Pre 5 1.5580 0.2172 741 7.17 <.0001 Tukey-Kramer <.0001
STORM(const) Pre 3 Pre 4 0.1854 0.07198 741 2.58 0.0102 Tukey-Kramer 0.1348
STORM(const) Pre 3 Pre 5 -0.04958 0.1331 741 -0.37 0.7096 Tukey-Kramer 0.9998
STORM(const) Pre 4 Pre 5 -0.2350 0.1228 741 -1.91 0.0561 Tukey-Kramer 0.4719






Data Set WORK.ONE 
Dependent Variable LOG_DOWN
Covariance Structure Diagonal 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Residual 
 
 
Class Level Information 
Class Levels Values 
STORM 7 1 2 3 4 5 6 7 





Columns in X 6
Columns in Z 0
Subjects 1
Max Obs Per Subject 1641
Observations Used 755

















-2 Res Log Likelihood 782.9
AIC (smaller is better) 784.9
AICC (smaller is better) 784.9
BIC (smaller is better) 789.6
 
Solution for Fixed Effects 
Effect const Estimate Standard Error DF t Value Pr > |t| 
Intercept  0.9426 0.1303 751 7.23 <.0001 
const Post 0.2161 0.2977 751 0.73 0.4681 
const Pre 0 . . . . 
LOG_UP  0.8961 0.01579 751 56.74 <.0001 
LOG_UP*const Post -0.03855 0.03712 751 -1.04 0.2993 
LOG_UP*const Pre 0 . . . . 
 
Type 1 Tests of Fixed Effects 
Effect Num DF Den DF F Value Pr > F 
const 1 751 98.02 <.0001 
LOG_UP 1 751 3870.19 <.0001 
LOG_UP*const 1 751 1.08 0.2993 
 
Type 3 Tests of Fixed Effects 
Effect Num DF Den DF F Value Pr > F 
const 1 751 0.53 0.4681 
LOG_UP 1 751 2232.11 <.0001 
LOG_UP*const 1 751 1.08 0.2993 
 
Least Squares Means 
Effect const Estimate Standard Error DF t Value Pr > |t| 
const Post 8.0954 0.02534 751 319.50 <.0001 
const Pre 8.1912 0.01812 751 452.06 <.0001 
 
Differences of Least Squares Means 
Effect const _const Estimate Std. Err. DF t Value Pr > |t| Adjustment Adj P
const Post Pre -0.09574 0.03115 751 -3.07 0.0022 Tukey-Kramer 0.0022






Data Set WORK.ONE 
Dependent Variable LOG_DOWN
Covariance Structure Diagonal 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Residual 
 
 
Class Level Information 
Class Levels Values 
STORM 7 1 2 3 4 5 6 7 





Columns in X 4
Columns in Z 0
Subjects 1
Max Obs Per Subject 1641
Observations Used 755

















-2 Res Log Likelihood 782.9
AIC (smaller is better) 784.9
AICC (smaller is better) 784.9
BIC (smaller is better) 789.6
 
 
Solution for Fixed Effects 
Effect const Estimate
Standard 
Error DF t Value Pr > |t| Alpha Lower Upper
const Post 1.1587 0.2676 751 4.33 <.0001 0.05 0.6333 1.6841
const Pre 0.9426 0.1303 751 7.23 <.0001 0.05 0.6868 1.1984
LOG_UP*const Post 0.8576 0.03359 751 25.53 <.0001 0.05 0.7916 0.9235
LOG_UP*const Pre 0.8961 0.01579 751 56.74 <.0001 0.05 0.8651 0.9271
 
 
Type 3 Tests of Fixed Effects 
Effect Num DF Den DF F Value Pr > F 
const 2 751 35.53 <.0001 
LOG_UP*const 2 751 1935.63 <.0001 






Data Set WORK.ONE 
Dependent Variable LOG_DOWN
Covariance Structure Diagonal 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Residual 
 
 
Class Level Information 
Class Levels Values 
STORM 7 1 2 3 4 5 6 7 





Columns in X 14
Columns in Z 0
Subjects 1
Max Obs Per Subject 1641
Observations Used 755

















-2 Res Log Likelihood 663.3
AIC (smaller is better) 665.3
AICC (smaller is better) 665.3
BIC (smaller is better) 669.9
 
 
Solution for Fixed Effects 
Effect STORM Estimate
Standard 
Error DF t Value Pr > |t| Alpha Lower Upper
STORM 1 0.1190 0.1950 741 0.61 0.5419 0.05 -0.2639 0.5019
STORM 2 10.0863 1.0635 741 9.48 <.0001 0.05 7.9984 12.1741
STORM 3 0.4798 0.5249 741 0.91 0.3610 0.05 -0.5507 1.5104
STORM 4 -0.2275 0.3192 741 -0.71 0.4762 0.05 -0.8542 0.3991
STORM 5 2.1670 0.5589 741 3.88 0.0001 0.05 1.0698 3.2642
STORM 6 1.2598 0.3762 741 3.35 0.0009 0.05 0.5213 1.9983
STORM 7 1.1875 0.3231 741 3.68 0.0003 0.05 0.5532 1.8217
LOG_UP*STORM 1 0.9907 0.02327 741 42.58 <.0001 0.05 0.9450 1.0364
LOG_UP*STORM 2 -0.03633 0.1106 741 -0.33 0.7426 0.05 -0.2535 0.1808
LOG_UP*STORM 3 0.9526 0.05940 741 16.04 <.0001 0.05 0.8360 1.0692
LOG_UP*STORM 4 1.0171 0.03827 741 26.58 <.0001 0.05 0.9420 1.0922
LOG_UP*STORM 5 0.7501 0.08257 741 9.08 <.0001 0.05 0.5880 0.9122
LOG_UP*STORM 6 0.8392 0.04792 741 17.51 <.0001 0.05 0.7452 0.9333
LOG_UP*STORM 7 0.8582 0.04009 741 21.41 <.0001 0.05 0.7795 0.9369
 
 
Type 3 Tests of Fixed Effects 
Effect Num DF Den DF F Value Pr > F 
STORM 7 741 18.77 <.0001 








N 755 Sum Weights 755 
Mean 0 Sum Observations 0 
Std Deviation 3038.38931 Variance 9231809.62 
Skewness 0.67170822 Kurtosis 10.0225619 
Uncorrected SS 6960784450 Corrected SS 6960784450 
Coeff Variation . Std Error Mean 110.578309 
 
 
Basic Statistical Measures 
Location Variability 
Mean 0.000 Std Deviation 3038
Median -283.211 Variance 9231810






NOTE: The mode displayed is the smaller of 2 modes with a count of 2. 
 
 
Tests for Location: Mu0=0 
Test Statistic p Value 
Student's t t 0 Pr > |t| 1.0000
Sign M -106.5 Pr >= |M| <.0001
Signed Rank S -29932 Pr >= |S| <.0001
 
 
Tests for Normality 
Test Statistic p Value 
Shapiro-Wilk W 0.726484 Pr < W <0.0001 
Kolmogorov-Smirnov D 0.23109 Pr > D <0.0100 
Cramer-von Mises W-Sq 14.48325 Pr > W-Sq <0.0050 


























Value Obs Value Obs
-16214.6 1106 13192.3 916
-15284.1 1110 14163.0 967
-13245.5 1182 14723.8 968
-11996.7 1184 16517.8 976






Value Count All Obs
Missing 
Obs
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N 755 Sum Weights 755 
Mean 0 Sum Observations 0 
Std Deviation 0.4004724 Variance 0.16037815 
Skewness 0.94169341 Kurtosis 4.50582503 
Uncorrected SS 120.925123 Corrected SS 120.925123 
Coeff Variation . Std Error Mean 0.01457468 
 
 
Basic Statistical Measures 
Location Variability 
Mean 0.00000 Std Deviation 0.40047
Median -0.03608 Variance 0.16038






NOTE: The mode displayed is the smallest of 3 modes with a count of 2. 
 
 
Tests for Location: Mu0=0 
Test Statistic p Value 
Student's t t 0 Pr > |t| 1.0000
Sign M -43.5 Pr >= |M| 0.0017
Signed Rank S -17600 Pr >= |S| 0.0033
 
 
Tests for Normality 
Test Statistic p Value 
Shapiro-Wilk W 0.891532 Pr < W <0.0001 
Kolmogorov-Smirnov D 0.175252 Pr > D <0.0100 
Cramer-von Mises W-Sq 4.938551 Pr > W-Sq <0.0050 


























Value Obs Value Obs
-1.79507 1106 1.66808 983
-1.66274 1110 1.81567 1360
-1.28304 1198 1.84357 1107
-1.06547 1301 1.84639 1103






Value Count All Obs
Missing 
Obs
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Upstream Volume vs. SSC
Downstream Volume vs. SSC
Power (Downstream Volume vs. SSC)
Power (Upstream Volume vs. SSC)
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Upstream Volume vs. SSC
Downstream Volume vs. SSC
Power (Downstream Volume vs. SSC)
Power (Upstream Volume vs. SSC)
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Pre-Construction Storm













































































Upstream Volume vs. SSC
Downstream Volume vs. SSC
Power (Downstream Volume vs. SSC)
Power (Upstream Volume vs. SSC)
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Pre-Construction Storm






































































Upstream Volume vs. SSC
Downstream Volume vs. SSC
Power (Downstream Volume vs. SSC)
Power (Upstream Volume vs. SSC)
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Pre-Construction Storm












































































Upstream Volume vs. SSC
Downstream Volume vs. SSC
Power (Downstream Volume vs. SSC)
Power (Upstream Volume vs. SSC)
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Pre-Construction Storm











































































Upstream Volume vs. SSC
Downstream Volume vs. SSC
Power (Downstream Volume vs. SSC)
Power (Upstream Volume vs. SSC)
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Pre-Construction Storm













































































Upstream Volume vs. SSC
Downstream Volume vs. SSC
Power (Downstream Volume vs. SSC)
Power (Upstream Volume vs. SSC)
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Post-Construction Storm























































































Upstream Volume vs. SSC
Downstream Volume vs. SSC
Power (Upstream Volume vs. SSC)
Power (Downstream Volume vs. SSC)
 97
Post-Construction Storm






















































































Upstream Volume vs. SSC
Downstream Volume vs. SSC
Power (Downstream Volume vs. SSC)






DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
5/22/2004 18:45 1.38 266.3 210.3 5955.46 284.23 2.61 53.03 47,725
5/22/2004 19:00 1.56 209.6 167.3 4736.62 256.42 2.79 60.15 54,135
5/22/2004 19:15 1.63 176.0 141.8 4014.34 227.76 2.86 63.04 56,737
5/22/2004 19:30 1.78 210.8 168.2 4762.41 297.73 3.01 69.46 62,517
5/22/2004 19:45 2.01 218.3 173.9 4923.63 354.12 3.24 79.91 71,922
5/22/2004 20:00 2.38 315.9 248.0 7021.69 620.93 3.61 98.26 88,430
5/22/2004 20:15 2.72 462.7 359.4 10177.36 1069.63 3.95 116.78 105,099
5/22/2004 20:30 3.11 674.7 520.3 14734.61 1856.38 4.34 139.99 125,988
5/22/2004 20:45 3.55 1035.2 794.0 22484.07 3413.58 4.78 168.69 151,822
5/22/2004 21:00 3.98 1034.6 793.6 22471.17 4031.17 5.21 199.33 179,393
5/22/2004 21:15 4.34 1034.6 793.6 22471.17 4589.55 5.57 226.94 204,242
5/22/2004 21:30 4.64 1034.0 793.1 22458.27 5079.58 5.87 251.31 226,179
5/22/2004 21:45 4.87 1033.2 792.5 22441.08 5470.10 6.1 270.84 243,754
5/22/2004 22:00 5.06 1033.1 792.4 22438.93 5806.48 6.29 287.52 258,768
5/22/2004 22:15 5.22 1033.3 792.6 22443.23 6099.17 6.45 301.96 271,760
5/22/2004 22:30 5.33 1033.3 792.6 22443.23 6303.76 6.56 312.08 280,876
5/22/2004 22:45 5.42 1033.1 792.4 22438.93 6472.42 6.65 320.50 288,446
5/22/2004 23:00 5.45 1032.9 792.3 22434.63 6528.30 6.68 323.32 290,992
5/22/2004 23:15 5.48 1032.7 792.1 22430.33 6584.40 6.71 326.17 293,549
5/22/2004 23:30 5.5 1032.4 791.9 22423.88 6620.87 6.73 328.07 295,260
5/22/2004 23:45 5.52 1032.1 791.7 22417.43 6657.43 6.75 329.97 296,976
5/23/2004 0:00 5.53 837.0 643.6 18223.48 5427.60 6.76 330.93 297,836
5/23/2004 0:15 5.56 910.0 699.0 19792.72 5946.17 6.79 333.80 300,422
5/23/2004 0:30 5.57 780.0 600.3 16998.18 5121.33 6.8 334.76 301,287
5/23/2004 0:45 5.57 1030.0 790.1 22372.29 6740.48 6.8 334.76 301,287
5/23/2004 1:00 5.56 1029.3 789.5 22357.24 6716.61 6.79 333.80 300,422
5/23/2004 1:15 5.53 507.0 393.0 11129.65 3314.81 6.76 330.93 297,836
5/23/2004 1:30 5.48 626.0 483.4 13687.73 4018.02 6.71 326.17 293,549
5/23/2004 1:45 5.41 450.1 349.8 9906.51 2849.11 6.64 319.56 287,600
5/23/2004 2:00 5.34 436.2 339.3 9607.71 2706.61 6.57 313.01 281,712
5/23/2004 2:15 5.24 392.2 305.9 8661.86 2368.21 6.47 303.78 273,406
5/23/2004 2:30 5.15 344.9 270.0 7645.08 2033.87 6.38 295.60 266,037
5/23/2004 2:45 5.06 363.8 284.3 8051.36 2083.44 6.29 287.52 258,768
5/23/2004 3:00 5.01 349.8 273.7 7750.41 1974.60 6.24 283.08 254,774
5/23/2004 3:15 4.92 325.8 255.5 7234.50 1791.71 6.15 275.18 247,662
5/23/2004 3:30 4.85 325.8 255.5 7234.50 1752.19 6.08 269.11 242,200
5/23/2004 3:45 4.78 305.8 240.3 6804.57 1611.31 6.01 263.11 236,798
5/23/2004 4:00 4.73 293.1 230.7 6531.57 1521.71 5.96 258.86 232,978
5/23/2004 4:15 4.74 322.2 252.8 7157.11 1672.90 5.97 259.71 233,739
5/23/2004 4:30 4.81 305.7 240.2 6802.42 1626.50 6.04 265.67 239,106
5/23/2004 4:45 4.91 355.7 278.2 7877.24 1944.72 6.14 274.31 246,878
5/23/2004 5:00 5.04 672.6 518.8 14689.46 3777.64 6.27 285.74 257,167
5/23/2004 5:15 5.18 586.7 453.5 12842.92 3448.09 6.41 298.31 268,482
5/23/2004 5:30 5.34 668.5 515.6 14601.33 4113.37 6.57 313.01 281,712
5/23/2004 5:45 5.47 1010.2 775.0 21946.66 6423.69 6.7 325.22 292,695
Storm 1 (Upstream, Pre-Construction)
100
DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
Storm 1 (Upstream, Pre-Construction)
5/23/2004 6:00 5.54 1009.4 774.4 21929.46 6550.25 6.77 331.89 298,697
5/23/2004 6:15 5.63 775.8 597.1 16907.89 5182.30 6.86 340.56 306,502
5/23/2004 6:30 5.7 795.5 612.1 17331.37 5418.51 6.93 347.38 312,642
5/23/2004 6:45 5.69 1007.6 773.1 21890.77 6824.69 6.92 346.40 311,761
5/23/2004 7:00 5.76 1007.2 772.8 21882.17 6957.51 6.99 353.28 317,953
5/23/2004 7:15 5.83 1006.7 772.4 21871.42 7090.86 7.06 360.23 324,207
5/23/2004 7:30 5.91 613.9 474.2 13427.62 4450.29 7.14 368.25 331,428
5/23/2004 7:45 5.99 1005.4 771.4 21843.47 7399.00 7.22 376.36 338,728
5/23/2004 8:00 6.04 1004.6 770.8 21826.28 7493.65 7.27 381.48 343,332
5/23/2004 8:15 6.09 607.1 469.0 13281.45 4621.49 7.32 386.63 347,966
5/23/2004 8:30 6.13 557.6 431.5 12217.37 4296.80 7.36 390.77 351,696
5/23/2004 8:45 6.17 1000.0 767.3 21727.39 7722.90 7.4 394.94 355,445
5/23/2004 9:00 6.22 1002.4 769.1 21778.99 7843.93 7.45 400.18 360,160
5/23/2004 9:15 6.27 814.6 626.6 17741.96 6474.15 7.5 405.45 364,906
5/23/2004 9:30 6.34 580.0 448.5 12698.89 4718.95 7.57 412.89 371,603
5/23/2004 9:45 6.43 979.4 751.7 21284.57 8094.57 7.66 422.56 380,302
5/23/2004 10:00 6.53 1001.4 768.4 21757.49 8487.30 7.76 433.43 390,086
5/23/2004 10:15 6.61 910.8 699.6 19809.91 7884.41 7.84 442.23 398,003
5/23/2004 10:30 6.71 515.3 399.3 11308.07 4613.82 7.94 453.35 408,011
5/23/2004 10:46 6.76 505.1 391.6 11088.81 4580.36 7.99 458.96 413,061
5/23/2004 11:00 6.83 1000.7 767.8 21742.44 9135.82 8.06 466.87 420,184
5/23/2004 11:15 6.86 453.1 352.1 9971.00 4220.27 8.09 470.28 423,255
5/23/2004 11:30 6.89 973.5 747.2 21157.74 9020.33 8.12 473.71 426,337
5/23/2004 11:45 6.89 512.8 397.4 11254.33 4798.14 8.12 473.71 426,337
5/23/2004 12:00 6.88 448.4 348.6 9869.96 4197.78 8.11 472.57 425,309
5/23/2004 12:15 6.9 950.1 729.4 20654.72 8827.15 8.13 474.85 427,367
5/23/2004 12:30 6.89 702.7 541.6 15336.51 6538.53 8.12 473.71 426,337
5/23/2004 12:45 6.86 451.5 350.9 9936.60 4205.72 8.09 470.28 423,255
5/23/2004 13:00 6.86 411.5 320.5 9076.74 3841.78 8.09 470.28 423,255
5/23/2004 13:15 6.82 727.2 560.2 15863.17 6649.25 8.05 465.74 419,163
5/23/2004 13:30 6.76 1001.8 768.7 21766.09 8990.72 7.99 458.96 413,061
5/23/2004 13:45 6.68 901.8 692.7 19616.44 7944.57 7.91 449.99 404,995
5/23/2004 14:00 6.6 448.9 348.9 9880.71 3922.73 7.83 441.12 397,009
5/23/2004 14:15 6.49 407.1 317.2 8982.16 3468.53 7.72 429.06 386,158
5/23/2004 14:30 6.39 733.0 564.6 15987.85 6018.20 7.62 418.25 376,424
5/23/2004 14:45 6.27 368.0 287.5 8141.65 2970.94 7.5 405.45 364,906
5/23/2004 15:00 6.13 323.1 253.4 7175.39 2523.55 7.36 390.77 351,696
5/23/2004 15:15 5.99 278.1 219.3 6209.12 2103.20 7.22 376.36 338,728
5/23/2004 15:30 5.82 282.6 222.7 6305.85 2038.74 7.05 359.23 323,310
5/23/2004 15:45 5.68 287.1 226.1 6402.59 1990.45 6.91 345.42 310,881
5/23/2004 16:00 5.5 269.5 212.7 6024.25 1778.72 6.73 328.07 295,260
5/23/2004 16:15 5.34 277.6 218.9 6198.37 1746.16 6.57 313.01 281,712
5/23/2004 16:30 5.16 266.7 210.6 5964.06 1591.51 6.39 296.50 266,851
5/23/2004 16:45 4.96 255.8 202.3 5729.75 1437.08 6.19 278.68 250,810
5/23/2004 17:00 4.73 254.2 201.1 5695.36 1326.89 5.96 258.86 232,978
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5/23/2004 17:15 4.51 219.9 175.1 4958.03 1073.59 5.74 240.59 216,535
5/23/2004 17:30 4.27 202.6 162.0 4586.14 913.94 5.5 221.43 199,284
5/23/2004 17:45 4.05 204.2 163.2 4620.53 850.63 5.28 204.55 184,099
5/23/2004 18:00 3.83 196.9 157.6 4463.61 756.65 5.06 188.35 169,515
5/23/2004 18:15 3.61 195.9 156.8 4441.04 690.72 4.84 172.81 155,532
5/23/2004 18:30 3.42 194.8 156.0 4418.47 635.99 4.65 159.93 143,939
5/23/2004 18:45 3.25 174.1 140.3 3973.49 532.24 4.48 148.83 133,947
5/23/2004 19:00 3.1 167.4 135.2 3829.47 480.32 4.33 139.37 125,429
5/23/2004 19:15 2.96 163.4 132.2 3743.48 440.72 4.19 130.81 117,730
5/23/2004 19:30 2.85 159.4 129.2 3657.49 409.10 4.08 124.28 111,852
5/23/2004 19:45 2.76 153.8 124.9 3537.11 379.02 3.99 119.06 107,155
5/23/2004 20:00 2.68 150.1 122.1 3457.58 356.35 3.91 114.52 103,064
5/23/2004 20:15 2.56 144.8 118.1 3343.65 324.59 3.79 107.86 97,076
5/23/2004 20:30 2.45 139.1 113.8 3221.12 295.52 3.68 101.94 91,745
5/23/2004 20:45 2.39 136.1 111.5 3156.63 280.62 3.62 98.78 88,900
5/23/2004 21:00 2.39 131.9 108.3 3066.34 272.60 3.62 98.78 88,900
5/23/2004 21:15 2.33 133.4 109.4 3098.59 266.79 3.56 95.67 86,100
5/23/2004 21:30 2.3 115.1 95.5 2705.20 229.18 3.53 94.13 84,717
5/23/2004 21:45 2.26 118.9 98.4 2786.89 231.00 3.49 92.10 82,890
5/23/2004 22:00 2.21 113.1 94.0 2662.21 214.66 3.44 89.59 80,634
5/23/2004 22:15 2.17 115.7 96.0 2718.10 214.33 3.4 87.61 78,852
5/23/2004 22:30 2.1 113.9 94.6 2679.41 203.05 3.33 84.20 75,781
5/23/2004 22:45 2.09 109.1 91.0 2576.22 194.11 3.32 83.72 75,347
5/23/2004 23:00 2.05 107.6 89.8 2543.98 187.30 3.28 81.80 73,624
5/23/2004 23:15 2.01 103.8 87.0 2462.29 177.09 3.24 79.91 71,922
5/23/2004 23:30 1.96 104.0 87.1 2466.59 172.22 3.19 77.58 69,821
5/23/2004 23:45 1.93 105.8 88.5 2505.29 171.80 3.16 76.20 68,576
5/24/2004 0:00 1.91 98.8 83.2 2354.81 159.54 3.14 75.28 67,752
5/24/2004 0:15 1.9 100.1 84.1 2382.76 160.46 3.13 74.82 67,342
5/24/2004 0:30 1.89 97.8 82.4 2333.31 156.18 3.12 74.37 66,933
5/24/2004 0:45 1.87 95.3 80.5 2279.57 150.72 3.1 73.47 66,119
5/24/2004 1:00 1.85 94.4 79.8 2260.23 147.61 3.08 72.57 65,310
5/24/2004 1:15 1.81 92.5 78.4 2219.38 141.39 3.04 70.78 63,706
5/24/2004 1:30 1.82 94.4 79.8 2260.23 144.89 3.05 71.23 64,105
5/24/2004 1:45 1.81 92.6 78.5 2221.53 141.53 3.04 70.78 63,706
5/24/2004 2:00 1.8 94.1 79.6 2253.78 142.68 3.03 70.34 63,308
5/24/2004 2:15 1.79 94.9 80.2 2270.97 142.87 3.02 69.90 62,912
5/24/2004 2:30 1.8 89.4 76.0 2152.74 136.29 3.03 70.34 63,308
5/24/2004 2:45 1.79 87.2 74.4 2105.45 132.46 3.02 69.90 62,912
5/24/2004 3:00 1.77 84.8 72.5 2053.86 127.59 3 69.03 62,123
5/24/2004 3:15 1.79 88.0 75.0 2122.65 133.54 3.02 69.90 62,912
5/24/2004 3:30 1.83 87.8 74.8 2118.35 136.64 3.06 71.67 64,505
5/24/2004 3:45 1.84 93.3 79.0 2236.58 145.17 3.07 72.12 64,907
5/24/2004 4:00 1.82 96.9 81.7 2313.97 148.34 3.05 71.23 64,105
5/24/2004 4:15 1.82 98.8 83.2 2354.81 150.96 3.05 71.23 64,105
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5/24/2004 4:30 1.84 104.0 87.1 2466.59 160.10 3.07 72.12 64,907
5/24/2004 4:45 1.86 107.1 89.5 2533.23 166.47 3.09 73.01 65,713
5/24/2004 5:00 1.87 109.6 91.4 2586.97 171.05 3.1 73.47 66,119
5/24/2004 5:15 1.89 103.8 87.0 2462.29 164.81 3.12 74.37 66,933
5/24/2004 5:30 1.89 99.7 83.8 2374.16 158.91 3.12 74.37 66,933
5/24/2004 5:45 1.89 97.9 82.5 2335.46 156.32 3.12 74.37 66,933
5/24/2004 6:00 1.88 95.5 80.7 2283.87 151.93 3.11 73.92 66,525
5/24/2004 6:15 1.86 92.4 78.3 2217.23 145.70 3.09 73.01 65,713
5/24/2004 6:30 1.86 90.8 77.1 2182.84 143.44 3.09 73.01 65,713
5/24/2004 6:45 1.83 92.8 78.6 2225.83 143.58 3.06 71.67 64,505
5/24/2004 7:00 1.81 92.5 78.4 2219.38 141.39 3.04 70.78 63,706
5/24/2004 7:15 1.78 93.9 79.4 2249.48 140.63 3.01 69.46 62,517
5/24/2004 7:30 1.77 90.6 76.9 2178.54 135.34 3 69.03 62,123
5/24/2004 7:45 1.75 87.0 74.2 2101.15 128.88 2.98 68.15 61,338
5/24/2004 8:00 1.74 85.0 72.7 2058.16 125.44 2.97 67.72 60,948
5/24/2004 8:15 1.72 84.2 72.1 2040.96 122.81 2.95 66.86 60,171
5/24/2004 8:30 1.71 84.1 72.0 2038.81 121.89 2.94 66.43 59,785
5/24/2004 8:45 1.69 80.0 68.9 1950.68 115.12 2.92 65.57 59,015
5/24/2004 9:00 1.66 77.3 66.8 1892.64 109.53 2.89 64.30 57,871
5/24/2004 9:15 1.65 73.2 63.7 1804.50 103.74 2.88 63.88 57,491
5/24/2004 9:30 1.63 72.8 63.4 1795.90 101.89 2.86 63.04 56,737
5/24/2004 9:45 1.61 69.2 60.7 1718.52 96.22 2.84 62.21 55,987
5/24/2004 10:00 1.59 70.9 62.0 1755.06 96.95 2.82 61.38 55,243
5/24/2004 10:15 1.58 64.8 57.3 1623.93 89.11 2.81 60.97 54,873
5/24/2004 10:30 1.54 63.9 56.7 1604.59 85.69 2.77 59.34 53,403
5/24/2004 10:45 1.49 62.9 55.9 1583.09 81.68 2.72 57.33 51,595
5/24/2004 11:00 1.46 63.1 56.1 1587.39 80.20 2.69 56.14 50,525
5/24/2004 11:15 1.44 59.1 53.0 1501.40 74.80 2.67 55.35 49,817
5/24/2004 11:30 1.4 58.3 52.4 1484.21 71.86 2.63 53.80 48,418
5/24/2004 11:45 1.38 57.6 51.9 1469.16 70.12 2.61 53.03 47,725
5/24/2004 12:00 1.36 56.1 50.7 1436.91 67.59 2.59 52.26 47,038
5/24/2004 12:15 1.32 56.0 50.7 1434.76 65.54 2.55 50.75 45,678
5/24/2004 12:30 1.28 56.9 51.4 1454.11 64.47 2.51 49.26 44,338
5/24/2004 12:45 1.24 55.8 50.5 1430.46 61.54 2.47 47.80 43,018
5/24/2004 13:00 1.23 53.1 48.5 1372.42 58.59 2.46 47.43 42,691
5/24/2004 13:15 1.22 55.0 49.9 1413.27 59.87 2.45 47.07 42,365
5/24/2004 13:30 1.21 53.2 48.5 1374.57 57.79 2.44 46.71 42,041
5/24/2004 13:45 1.19 50.2 46.3 1310.08 54.23 2.42 45.99 41,395
5/24/2004 14:00 1.19 52.9 48.3 1368.12 56.63 2.42 45.99 41,395
5/24/2004 14:15 1.16 49.2 45.5 1288.59 52.11 2.39 44.93 40,437
5/24/2004 14:30 1.14 49.5 45.7 1295.04 51.55 2.37 44.23 39,804
5/24/2004 14:45 1.12 48.8 45.2 1279.99 50.15 2.35 43.53 39,176
5/24/2004 15:00 1.11 45.5 42.7 1209.05 46.99 2.34 43.18 38,864
5/24/2004 15:15 1.1 47.9 44.5 1260.64 48.60 2.33 42.84 38,554
5/24/2004 15:30 1.1 45.9 43.0 1217.65 46.94 2.33 42.84 38,554
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5/24/2004 15:45 1.09 45.8 42.9 1215.50 46.49 2.32 42.49 38,244
5/24/2004 16:00 1.08 45.5 42.7 1209.05 45.87 2.31 42.15 37,936
5/24/2004 16:15 1.06 46.0 43.1 1219.80 45.53 2.29 41.47 37,323
5/24/2004 16:30 1.05 49.3 45.6 1290.74 47.78 2.28 41.13 37,018
5/24/2004 16:45 1.04 48.3 44.8 1269.24 46.60 2.27 40.79 36,715
5/24/2004 17:00 1.03 47.2 44.0 1245.59 45.36 2.26 40.46 36,413
5/24/2004 17:15 1.02 43.8 41.4 1172.51 42.34 2.25 40.12 36,112
5/24/2004 17:30 1.02 44.2 41.7 1181.11 42.65 2.25 40.12 36,112
5/24/2004 17:45 1.02 48.1 44.7 1264.94 45.68 2.25 40.12 36,112
5/24/2004 18:00 1 48.7 45.1 1277.84 45.38 2.23 39.46 35,514
5/24/2004 18:15 0.99 46.5 43.5 1230.55 43.34 2.22 39.13 35,217
5/24/2004 18:30 0.98 46.9 43.8 1239.15 43.27 2.21 38.80 34,921
5/24/2004 18:45 0.98 44.2 41.7 1181.11 41.25 2.21 38.80 34,921
5/24/2004 19:00 0.95 41.3 39.5 1118.77 38.08 2.18 37.82 34,041
5/24/2004 19:15 0.94 41.0 39.3 1112.32 37.54 2.17 37.50 33,750
5/24/2004 19:30 0.93 40.3 38.7 1097.27 36.71 2.16 37.18 33,460
5/24/2004 19:45 0.93 39.6 38.2 1082.22 36.21 2.16 37.18 33,460
5/24/2004 20:00 0.91 38.7 37.5 1062.88 34.95 2.14 36.54 32,885
5/24/2004 20:15 0.92 39.1 37.8 1071.47 35.54 2.15 36.86 33,172
5/24/2004 20:30 0.91 39.7 38.3 1084.37 35.66 2.14 36.54 32,885
5/24/2004 20:45 0.92 38.1 37.1 1049.98 34.83 2.15 36.86 33,172
5/24/2004 21:00 0.91 38.3 37.2 1054.28 34.67 2.14 36.54 32,885
5/24/2004 21:15 0.93 37.4 36.5 1034.93 34.63 2.16 37.18 33,460
5/24/2004 21:30 0.9 37.1 36.3 1028.48 33.53 2.13 36.22 32,599
5/24/2004 21:45 0.88 38.4 37.3 1056.43 33.84 2.11 35.59 32,031
5/24/2004 22:00 0.88 37.5 36.6 1037.08 33.22 2.11 35.59 32,031
5/24/2004 22:15 0.87 37.5 36.6 1037.08 32.93 2.1 35.28 31,748
5/24/2004 22:30 0.85 35.5 35.1 994.09 31.00 2.08 34.65 31,188
5/24/2004 22:45 0.85 37.5 36.6 1037.08 32.34 2.08 34.65 31,188
5/24/2004 23:00 0.85 35.2 34.9 987.64 30.80 2.08 34.65 31,188
5/24/2004 23:15 0.84 37.2 36.4 1030.63 31.86 2.07 34.34 30,909
5/24/2004 23:30 0.83 36.8 36.1 1022.03 31.31 2.06 34.04 30,632
5/24/2004 23:45 0.82 37.1 36.3 1028.48 31.22 2.05 33.73 30,356
5/25/2004 0:00 0.82 36.3 35.7 1011.28 30.70 2.05 33.73 30,356
5/25/2004 0:15 0.81 37.7 36.8 1041.38 31.33 2.04 33.42 30,081
5/25/2004 0:30 0.79 42.1 40.1 1135.96 33.55 2.02 32.82 29,535
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5/22/2004 19:15 0.95 293.5 231.0 6540.17 283.28 2.1 48.13 43,314
5/22/2004 19:30 1.33 296.4 233.2 6602.51 367.02 2.48 61.76 55,588
5/22/2004 19:45 1.61 208.4 166.4 4710.82 308.57 2.76 72.78 65,502
5/22/2004 20:00 1.89 181 145.6 4121.82 313.90 3.04 84.62 76,155
5/22/2004 20:15 2.27 204.7 163.6 4631.28 425.12 3.42 101.99 91,792
5/22/2004 20:30 2.71 244.5 193.8 5486.84 612.32 3.86 124.00 111,597
5/22/2004 20:45 3.14 232.3 184.5 5224.58 693.37 4.29 147.46 132,713
5/22/2004 21:00 3.52 354.1 277.0 7842.85 1198.56 4.67 169.80 152,823
5/22/2004 21:15 3.82 486 377.1 10678.23 1811.66 4.97 188.51 169,659
5/22/2004 21:30 4.11 1071.3 821.4 23260.09 4343.58 5.26 207.49 186,740
5/22/2004 21:45 4.34 1070.3 820.7 23238.59 4667.46 5.49 223.17 200,849
5/22/2004 22:00 4.54 1070.3 820.7 23238.59 4961.99 5.69 237.25 213,524
5/22/2004 22:15 4.7 1070.1 820.5 23234.29 5202.95 5.85 248.82 223,934
5/22/2004 22:30 4.88 1069.5 820.1 23221.40 5478.72 6.03 262.15 235,934
5/22/2004 22:45 5 1069.2 819.8 23214.95 5666.85 6.15 271.23 244,103
5/22/2004 23:00 5.04 1069.1 819.8 23212.80 5730.24 6.19 274.29 246,857
5/22/2004 23:15 5 1069 819.7 23210.65 5665.80 6.15 271.23 244,103
5/22/2004 23:30 5.01 1069 819.7 23210.65 5681.74 6.16 271.99 244,790
5/22/2004 23:45 5.02 1069 819.7 23210.65 5697.71 6.17 272.75 245,478
5/23/2004 0:00 5.02 1068.8 819.5 23206.35 5696.65 6.17 272.75 245,478
5/23/2004 0:15 5.1 1068.6 819.4 23202.05 5824.06 6.25 278.91 251,015
5/23/2004 0:30 5.12 1068.2 819.1 23193.45 5854.22 6.27 280.45 252,409
5/23/2004 0:45 5.03 942.3 723.5 20487.05 5043.24 6.18 273.52 246,167
5/23/2004 1:00 5.11 849.4 653.0 18490.03 4654.15 6.26 279.68 251,711
5/23/2004 1:15 5.08 1051.5 806.4 22834.46 5700.05 6.23 277.36 249,625
5/23/2004 1:30 5.1 1066.7 817.9 23161.21 5813.81 6.25 278.91 251,015
5/23/2004 1:45 5.1 730 562.3 15923.36 3997.00 6.25 278.91 251,015
5/23/2004 2:00 4.98 547.6 423.9 12002.41 2913.37 6.13 269.70 242,733
5/23/2004 2:15 4.98 588.7 455.1 12885.91 3127.83 6.13 269.70 242,733
5/23/2004 2:30 4.87 1064.6 816.3 23116.06 5438.27 6.02 261.40 235,259
5/23/2004 2:45 4.8 961.6 738.1 20901.93 4819.21 5.95 256.18 230,563
5/23/2004 3:00 4.88 426.3 331.8 9394.89 2216.57 6.03 262.15 235,934
5/23/2004 3:15 4.9 418.5 325.9 9227.22 2189.49 6.05 263.65 237,286
5/23/2004 3:30 4.86 410.7 319.9 9059.55 2125.24 6.01 260.65 234,586
5/23/2004 3:45 4.78 444.3 345.4 9781.83 2242.29 5.93 254.70 229,230
5/23/2004 4:00 4.74 319.3 250.5 7094.77 1607.49 5.89 251.75 226,574
5/23/2004 4:15 4.68 343.8 269.1 7621.44 1696.68 5.83 247.36 222,620
5/23/2004 4:30 4.68 308.3 242.2 6858.31 1526.79 5.83 247.36 222,620
5/23/2004 4:45 4.68 272.8 215.2 6095.19 1356.91 5.83 247.36 222,620
5/23/2004 5:00 4.7 275.8 217.5 6159.68 1379.36 5.85 248.82 223,934
5/23/2004 5:15 4.76 280.6 221.2 6262.86 1427.31 5.91 253.22 227,900
5/23/2004 5:30 4.85 315.1 247.4 7004.49 1638.44 6 259.90 233,913
5/23/2004 5:45 4.93 407.3 317.4 8986.46 2150.65 6.08 265.91 239,322
5/23/2004 6:00 5 729.35 561.8 15909.39 3883.54 6.15 271.23 244,103
5/23/2004 6:15 5.11 1051.4 806.3 22832.31 5747.15 6.26 279.68 251,711
Storm 1 (Downstream, Pre-Construction)
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5/23/2004 6:30 5.17 932.6 716.1 20278.53 5189.46 6.32 284.34 255,909
5/23/2004 6:45 5.2 1049.6 804.9 22793.62 5881.22 6.35 286.69 258,021
5/23/2004 7:00 5.29 1049.6 804.9 22793.62 6026.77 6.44 293.78 264,406
5/23/2004 7:15 5.38 1049.3 804.7 22787.17 6172.31 6.53 300.96 270,868
5/23/2004 7:30 5.56 1049 804.5 22780.72 6470.18 6.71 315.58 284,020
5/23/2004 7:45 5.67 1048.5 804.1 22769.97 6653.57 6.82 324.68 292,208
5/23/2004 8:00 5.65 1048.7 804.3 22774.27 6620.73 6.8 323.01 290,711
5/23/2004 8:15 5.68 1048.2 803.9 22763.52 6668.75 6.83 325.51 292,958
5/23/2004 8:30 5.72 843.2 648.3 18356.75 5433.00 6.87 328.85 295,967
5/23/2004 8:45 5.79 1047.4 803.3 22746.32 6852.78 6.94 334.74 301,270
5/23/2004 9:00 5.83 815.2 627.0 17754.85 5403.17 6.98 338.13 304,321
5/23/2004 9:15 5.89 500.6 388.2 10992.08 3395.73 7.04 343.25 308,925
5/23/2004 9:30 5.93 719 554.0 15686.90 4894.53 7.08 346.68 312,014
5/23/2004 9:45 5.99 523.7 405.7 11488.64 3638.16 7.14 351.86 316,675
5/23/2004 10:00 6.07 556.1 430.3 12185.13 3935.09 7.22 358.82 322,942
5/23/2004 10:15 6.15 545.3 422.1 11952.97 3935.75 7.3 365.85 329,269
5/23/2004 10:30 6.23 612.6 473.2 13399.68 4497.70 7.38 372.95 335,657
5/23/2004 10:45 6.32 1045.2 801.6 22699.03 7783.85 7.47 381.02 342,916
5/23/2004 11:00 6.38 612.9 473.4 13406.13 4662.61 7.53 386.44 347,797
5/23/2004 11:15 6.45 817 628.4 17793.55 6290.63 7.6 392.82 353,534
5/23/2004 11:30 6.49 1045 801.5 22694.73 8098.25 7.64 396.48 356,834
5/23/2004 11:45 6.56 479 371.8 10527.75 3817.83 7.71 402.94 362,644
5/23/2004 12:00 6.56 480.7 373.1 10564.30 3831.08 7.71 402.94 362,644
5/23/2004 12:15 6.57 515.8 399.7 11318.82 4114.14 7.72 403.86 363,478
5/23/2004 12:30 6.6 437 339.9 9624.90 3522.57 7.75 406.65 365,985
5/23/2004 12:45 6.62 399.1 311.1 8810.19 3239.16 7.77 408.51 367,661
5/23/2004 13:00 6.64 408 317.9 9001.51 3324.62 7.79 410.38 369,341
5/23/2004 13:15 6.68 548.6 424.6 12023.91 4481.45 7.83 414.12 372,711
5/23/2004 13:30 6.68 415.4 323.5 9160.58 3414.25 7.83 414.12 372,711
5/23/2004 13:45 6.68 453.6 352.5 9981.74 3720.31 7.83 414.12 372,711
5/23/2004 14:00 6.68 1044.9 801.4 22692.58 8457.79 7.83 414.12 372,711
5/23/2004 14:15 6.57 434.5 338.0 9571.16 3478.90 7.72 403.86 363,478
5/23/2004 14:30 6.54 379.6 296.3 8391.01 3028.98 7.69 401.09 360,979
5/23/2004 14:45 6.41 702.4 541.4 15330.06 5369.35 7.56 389.17 350,250
5/23/2004 15:00 6.31 1025.2 786.4 22269.10 7618.38 7.46 380.12 342,105
5/23/2004 15:15 6.13 1046.5 802.6 22726.98 7447.22 7.28 364.09 327,682
5/23/2004 15:30 6.02 1030.9 790.8 22391.63 7143.33 7.17 354.46 319,018
5/23/2004 15:45 5.92 700.8 540.2 15295.66 4760.62 7.07 345.82 311,240
5/23/2004 16:00 5.8 370.7 289.6 8199.69 2476.56 6.95 335.59 302,031
5/23/2004 16:15 5.67 321.5 252.2 7142.07 2086.97 6.82 324.68 292,208
5/23/2004 16:30 5.56 300.3 236.1 6686.34 1899.06 6.71 315.58 284,020
5/23/2004 16:45 5.37 290.6 228.8 6477.83 1749.96 6.52 300.16 270,146
5/23/2004 17:00 5.23 293.05 230.6 6530.49 1698.85 6.38 289.05 260,141
5/23/2004 17:15 5.08 295.5 232.5 6583.16 1643.32 6.23 277.36 249,625
5/23/2004 17:30 4.91 1050.5 805.6 22812.96 5428.66 6.06 264.40 237,964
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5/23/2004 17:45 4.72 646.85 499.2 14135.93 3184.15 5.87 250.28 225,252
5/23/2004 18:00 4.53 243.2 192.8 5458.90 1162.09 5.68 236.53 212,881
5/23/2004 18:15 4.34 220 175.2 4960.18 996.25 5.49 223.17 200,849
5/23/2004 18:30 4.16 217.6 173.3 4908.59 931.48 5.31 210.85 189,765
5/23/2004 18:45 4.01 209.2 167.0 4728.02 854.64 5.16 200.84 180,760
5/23/2004 19:00 3.86 631.05 487.2 13796.29 2372.52 5.01 191.08 171,968
5/23/2004 19:15 3.77 1052.9 807.5 22864.56 3813.67 4.92 185.33 166,794
5/23/2004 19:30 3.65 612.6 473.2 13399.68 2144.14 4.8 177.79 160,014
5/23/2004 19:45 3.57 172.3 139.0 3934.80 612.14 4.72 172.86 155,570
5/23/2004 20:00 3.49 167.7 135.5 3835.91 579.94 4.64 167.98 151,186
5/23/2004 20:15 3.42 162 131.1 3713.39 547.35 4.57 163.78 147,399
5/23/2004 20:30 3.32 154.8 125.7 3558.61 505.57 4.47 157.85 142,069
5/23/2004 20:45 3.25 146.2 119.1 3373.74 466.91 4.4 153.77 138,394
5/23/2004 21:00 3.26 142.5 116.3 3294.20 457.62 4.41 154.35 138,917
5/23/2004 21:15 3.2 143.3 116.9 3311.40 449.68 4.35 150.89 135,798
5/23/2004 21:30 3.18 141.2 115.3 3266.26 440.18 4.33 149.74 134,766
5/23/2004 21:45 3.14 132.4 108.7 3077.09 408.37 4.29 147.46 132,713
5/23/2004 22:00 3.09 127.1 104.6 2963.16 385.71 4.24 144.63 130,168
5/23/2004 22:15 3.03 125.9 103.7 2937.36 373.47 4.18 141.27 127,146
5/23/2004 22:30 2.96 121.8 100.6 2849.23 352.34 4.11 137.40 123,662
5/23/2004 22:45 2.9 124 102.3 2896.52 349.65 4.05 134.13 120,713
5/23/2004 23:00 2.85 116.5 96.6 2735.30 323.53 4 131.42 118,281
5/23/2004 23:15 2.78 118.8 98.3 2784.74 320.01 3.93 127.68 114,916
5/23/2004 23:30 2.71 112.7 93.7 2653.61 296.14 3.86 124.00 111,597
5/23/2004 23:45 2.66 108.5 90.5 2563.33 280.06 3.81 121.39 109,255
5/24/2004 0:00 2.61 104.9 87.8 2485.94 265.84 3.76 118.82 106,936
5/24/2004 0:15 2.56 105.5 88.2 2498.84 261.48 3.71 116.27 104,641
5/24/2004 0:30 2.51 106.8 89.2 2526.78 258.66 3.66 113.74 102,369
5/24/2004 0:45 2.47 109 90.9 2574.07 258.87 3.62 111.74 100,568
5/24/2004 1:00 2.44 103.7 86.9 2460.14 244.11 3.59 110.25 99,228
5/24/2004 1:15 2.41 98.8 83.2 2354.81 230.53 3.56 108.77 97,896
5/24/2004 1:30 2.38 95 80.3 2273.12 219.52 3.53 107.30 96,572
5/24/2004 1:45 2.35 99.2 83.5 2363.41 225.13 3.5 105.84 95,257
5/24/2004 2:00 2.32 93 78.8 2230.13 209.52 3.47 104.39 93,951
5/24/2004 2:15 2.3 91 77.2 2187.14 203.59 3.45 103.43 93,085
5/24/2004 2:30 2.28 89.1 75.8 2146.30 197.94 3.43 102.47 92,222
5/24/2004 2:45 2.27 87.2 74.4 2105.45 193.26 3.42 101.99 91,792
5/24/2004 3:00 2.24 92.4 78.3 2217.23 200.68 3.39 100.56 90,508
5/24/2004 3:15 2.23 89.9 76.4 2163.49 194.89 3.38 100.09 90,082
5/24/2004 3:30 2.24 86.7 74.0 2094.70 189.59 3.39 100.56 90,508
5/24/2004 3:45 2.24 84.2 72.1 2040.96 184.72 3.39 100.56 90,508
5/24/2004 4:00 2.23 84.4 72.2 2045.26 184.24 3.38 100.09 90,082
5/24/2004 4:15 2.22 84.1 72.0 2038.81 182.79 3.37 99.62 89,657
5/24/2004 4:30 2.23 86.7 74.0 2094.70 188.70 3.38 100.09 90,082
5/24/2004 4:45 2.25 87.7 74.7 2116.20 192.44 3.4 101.04 90,935
107
DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
Storm 1 (Downstream, Pre-Construction)
5/24/2004 5:00 2.26 87.3 74.4 2107.60 192.56 3.41 101.51 91,363
5/24/2004 5:15 2.28 91.5 77.6 2197.89 202.69 3.43 102.47 92,222
5/24/2004 5:30 2.29 93.3 79.0 2236.58 207.23 3.44 102.95 92,653
5/24/2004 5:45 2.31 93.9 79.4 2249.48 210.36 3.46 103.91 93,517
5/24/2004 6:00 2.32 98.6 83.0 2350.51 220.83 3.47 104.39 93,951
5/24/2004 6:15 2.33 96.7 81.6 2309.67 218.00 3.48 104.87 94,385
5/24/2004 6:30 2.32 93.9 79.4 2249.48 211.34 3.47 104.39 93,951
5/24/2004 6:45 2.31 91.9 77.9 2206.49 206.34 3.46 103.91 93,517
5/24/2004 7:00 2.3 91.7 77.8 2202.19 204.99 3.45 103.43 93,085
5/24/2004 7:15 2.27 86.7 74.0 2094.70 192.28 3.42 101.99 91,792
5/24/2004 7:30 2.25 83.8 71.8 2032.36 184.81 3.4 101.04 90,935
5/24/2004 7:45 2.22 84.1 72.0 2038.81 182.79 3.37 99.62 89,657
5/24/2004 8:00 2.18 84.8 72.5 2053.86 180.67 3.33 97.74 87,966
5/24/2004 8:15 2.15 88.6 75.4 2135.55 185.17 3.3 96.34 86,707
5/24/2004 8:30 2.11 85.8 73.3 2075.36 176.49 3.26 94.49 85,042
5/24/2004 8:45 2.06 82.9 71.1 2013.02 167.04 3.21 92.20 82,982
5/24/2004 9:00 2.03 82.5 70.8 2004.42 163.88 3.18 90.84 81,758
5/24/2004 9:15 1.99 79.1 68.2 1931.33 154.77 3.14 89.04 80,138
5/24/2004 9:30 1.94 79.6 68.6 1942.08 151.74 3.09 86.82 78,135
5/24/2004 9:45 1.91 76.3 66.1 1871.14 143.97 3.06 85.49 76,944
5/24/2004 10:00 1.87 70.4 61.6 1744.31 131.47 3.02 83.74 75,369
5/24/2004 10:15 1.83 73.3 63.8 1806.65 133.35 2.98 82.01 73,810
5/24/2004 10:30 1.79 69 60.5 1714.22 123.88 2.94 80.30 72,266
5/24/2004 10:45 1.75 66.7 58.8 1664.78 117.76 2.9 78.60 70,736
5/24/2004 11:00 1.73 66.7 58.8 1664.78 116.50 2.88 77.75 69,977
5/24/2004 11:15 1.7 65.6 58.0 1641.13 112.98 2.85 76.50 68,846
5/24/2004 11:30 1.67 63.9 56.7 1604.59 108.67 2.82 75.25 67,723
5/24/2004 11:45 1.64 60.7 54.2 1535.80 102.30 2.79 74.01 66,608
5/24/2004 12:00 1.6 57.4 51.7 1464.86 95.41 2.75 72.37 65,136
5/24/2004 12:15 1.56 56.7 51.2 1449.81 92.32 2.71 70.75 63,678
5/24/2004 12:30 1.53 53.7 48.9 1385.32 86.71 2.68 69.55 62,594
5/24/2004 12:45 1.5 55.7 50.4 1428.31 87.87 2.65 68.36 61,520
5/24/2004 13:00 1.47 53.8 49.0 1387.47 83.88 2.62 67.17 60,453
5/24/2004 13:15 1.44 54.9 49.8 1411.12 83.81 2.59 65.99 59,395
5/24/2004 13:30 1.41 53.7 48.9 1385.32 80.83 2.56 64.83 58,346
5/24/2004 13:45 1.38 51 46.9 1327.28 76.06 2.53 63.67 57,305
5/24/2004 14:00 1.36 50.5 46.5 1316.53 74.54 2.51 62.91 56,615
5/24/2004 14:15 1.35 50.8 46.7 1322.98 74.45 2.5 62.52 56,272
5/24/2004 14:30 1.32 51.2 47.0 1331.58 73.57 2.47 61.39 55,248
5/24/2004 14:45 1.3 50.3 46.3 1312.23 71.61 2.45 60.63 54,570
5/24/2004 15:00 1.28 48 44.6 1262.79 68.06 2.43 59.88 53,896
5/24/2004 15:15 1.26 48 44.6 1262.79 67.21 2.41 59.14 53,225
5/24/2004 15:30 1.25 47.9 44.5 1260.64 66.68 2.4 58.77 52,891
5/24/2004 15:45 1.23 46.6 43.5 1232.70 64.38 2.38 58.03 52,226
5/24/2004 16:00 1.22 46.7 43.6 1234.85 64.08 2.37 57.66 51,895
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5/24/2004 16:15 1.21 45.4 42.6 1206.90 62.23 2.36 57.29 51,565
5/24/2004 16:30 1.2 43 40.8 1155.31 59.19 2.35 56.93 51,236
5/24/2004 16:45 1.19 45.4 42.6 1206.90 61.44 2.34 56.56 50,908
5/24/2004 17:00 1.18 44.9 42.2 1196.15 60.50 2.33 56.20 50,581
5/24/2004 17:15 1.17 43.5 41.2 1166.06 58.60 2.32 55.84 50,254
5/24/2004 17:30 1.16 45.1 42.4 1200.45 59.94 2.31 55.48 49,929
5/24/2004 17:45 1.15 45.7 42.8 1213.35 60.19 2.3 55.12 49,605
5/24/2004 18:00 1.13 47.4 44.1 1249.89 61.19 2.28 54.40 48,959
5/24/2004 18:15 1.12 43.5 41.2 1166.06 56.71 2.27 54.04 48,637
5/24/2004 18:30 1.11 43 40.8 1155.31 55.82 2.26 53.68 48,316
5/24/2004 18:45 1.1 44.9 42.2 1196.15 57.41 2.25 53.33 47,997
5/24/2004 19:00 1.08 45.6 42.8 1211.20 57.36 2.23 52.62 47,360
5/24/2004 19:15 1.06 46.2 43.2 1224.10 57.20 2.21 51.92 46,727
5/24/2004 19:30 1.05 45 42.3 1198.30 55.62 2.2 51.57 46,412
5/24/2004 19:45 1.04 42.7 40.6 1148.86 52.96 2.19 51.22 46,098
5/24/2004 20:00 1.03 43.2 41.0 1159.61 53.09 2.18 50.87 45,785
5/24/2004 20:15 1.03 41.9 40.0 1131.66 51.81 2.18 50.87 45,785
5/24/2004 20:30 1.02 41.6 39.7 1125.21 51.17 2.17 50.53 45,473
5/24/2004 20:45 1.01 41 39.3 1112.32 50.23 2.16 50.18 45,162
5/24/2004 21:00 1.02 39.1 37.8 1071.47 48.72 2.17 50.53 45,473
5/24/2004 21:15 1.01 39.9 38.4 1088.67 49.17 2.16 50.18 45,162
5/24/2004 21:30 1.01 39.6 38.2 1082.22 48.87 2.16 50.18 45,162
5/24/2004 21:45 0.99 38.6 37.5 1060.73 47.25 2.14 49.49 44,542
5/24/2004 22:00 0.98 38.2 37.2 1052.13 46.54 2.13 49.15 44,234
5/24/2004 22:15 0.97 38.1 37.1 1049.98 46.12 2.12 48.81 43,926
5/24/2004 22:30 0.95 38.1 37.1 1049.98 45.48 2.1 48.13 43,314
5/24/2004 22:45 0.95 39 37.8 1069.32 46.32 2.1 48.13 43,314
5/24/2004 23:00 0.94 39.2 37.9 1073.62 46.18 2.09 47.79 43,009
5/24/2004 23:15 0.94 36.6 35.9 1017.73 43.77 2.09 47.79 43,009
5/24/2004 23:30 0.93 36.6 35.9 1017.73 43.46 2.08 47.45 42,706
5/24/2004 23:45 0.94 36.3 35.7 1011.28 43.49 2.09 47.79 43,009
5/25/2004 0:00 0.93 37.1 36.3 1028.48 43.92 2.08 47.45 42,706
5/25/2004 0:15 0.91 36.4 35.8 1013.43 42.67 2.06 46.78 42,101
5/25/2004 0:30 0.9 34.9 34.7 981.19 41.01 2.05 46.44 41,800
5/25/2004 0:45 0.88 36.2 35.6 1009.13 41.58 2.03 45.78 41,201
5/25/2004 1:00 0.87 36.3 35.7 1011.28 41.36 2.02 45.45 40,903
5/25/2004 1:15 0.85 35.8 35.3 1000.54 40.33 2 44.79 40,310
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6/9/2004 15:45 0.88 142.9 116.6 3302.80 105.79 2.11 35.59 32,031
6/9/2004 16:00 0.8 110.4 92.0 2604.17 77.62 2.03 33.12 29,808
6/9/2004 17:30 0.81 126.6 104.3 2952.41 88.81 2.04 33.42 30,081
6/9/2004 17:45 1.16 302.0 237.4 6721.81 271.81 2.39 44.93 40,437
6/9/2004 18:00 1.4 477.3 370.5 10491.21 507.96 2.63 53.80 48,418
6/9/2004 18:15 1.53 786.3 605.1 17133.61 908.75 2.76 58.93 53,039
6/9/2004 18:30 1.61 873.5 671.3 19008.10 1064.22 2.84 62.21 55,987
6/9/2004 18:45 1.64 1035.3 794.1 22486.22 1284.27 2.87 63.46 57,114
6/9/2004 19:00 1.64 1034.5 793.5 22469.02 1283.29 2.87 63.46 57,114
6/9/2004 19:15 1.63 1034.7 793.6 22473.32 1275.07 2.86 63.04 56,737
6/9/2004 19:30 1.57 1034.4 793.4 22466.87 1224.52 2.8 60.56 54,503
6/9/2004 19:45 1.53 1033.7 792.9 22451.82 1190.83 2.76 58.93 53,039
6/9/2004 20:00 1.5 1033.8 793.0 22453.97 1166.57 2.73 57.73 51,954
6/9/2004 20:15 1.48 1033.2 792.5 22441.08 1149.81 2.71 56.93 51,237
6/9/2004 20:30 1.47 1032.7 792.1 22430.33 1141.26 2.7 56.53 50,880
6/9/2004 20:45 1.43 699.8 539.4 15274.17 755.54 2.66 54.96 49,465
6/9/2004 21:00 1.38 1032.2 791.7 22419.58 1069.98 2.61 53.03 47,725
6/9/2004 21:15 1.33 1032.0 791.6 22415.28 1031.46 2.56 51.13 46,016
6/9/2004 21:30 1.27 1031.9 791.5 22413.13 986.31 2.5 48.90 44,006
6/9/2004 21:45 1.2 654.4 504.9 14298.23 596.48 2.43 46.35 41,717
6/9/2004 22:00 1.13 1030.5 790.5 22383.04 883.90 2.36 43.88 39,490
6/9/2004 22:15 1.08 1030.3 790.3 22378.74 848.95 2.31 42.15 37,936
6/9/2004 22:30 1.02 1029.7 789.8 22365.84 807.68 2.25 40.12 36,112
6/9/2004 22:45 0.95 1029.0 789.3 22350.79 760.84 2.18 37.82 34,041
6/9/2004 23:00 0.9 850.3 653.7 18509.38 603.38 2.13 36.22 32,599
6/9/2004 23:15 0.85 846.2 650.5 18421.24 574.51 2.08 34.65 31,188
6/9/2004 23:30 0.8 796.9 613.1 17361.47 517.50 2.03 33.12 29,808
Storm 2 (Upstream, Pre-Construction)
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6/9/2004 18:30 0.96 121 100.0 2832.03 123.23 2.11 48.35 43,511
6/9/2004 18:45 1.16 168.2 135.8 3846.66 191.56 2.31 55.33 49,799
6/9/2004 19:00 1.32 309.3 243.0 6879.81 379.07 2.47 61.22 55,100
6/9/2004 19:15 1.42 506.2 392.4 11112.46 650.46 2.57 65.04 58,534
6/9/2004 19:30 1.48 703.2 542.0 15347.25 930.65 2.63 67.38 60,640
6/9/2004 19:45 1.51 943.1 724.1 20504.25 1265.21 2.66 68.56 61,705
6/9/2004 20:00 1.49 1070.1 820.5 23234.29 1417.15 2.64 67.77 60,994
6/9/2004 20:15 1.5 1070.4 820.7 23240.74 1425.79 2.65 68.17 61,349
6/9/2004 20:30 1.5 1070.2 820.6 23236.44 1425.53 2.65 68.17 61,349
6/9/2004 20:45 1.49 928.4 712.9 20188.25 1231.36 2.64 67.77 60,994
6/9/2004 21:00 1.48 1069.7 820.2 23225.70 1408.40 2.63 67.38 60,640
6/9/2004 21:15 1.46 1069.3 819.9 23217.10 1391.49 2.61 66.59 59,934
6/9/2004 21:30 1.43 1068.9 819.6 23208.50 1366.58 2.58 65.43 58,883
6/9/2004 21:45 1.38 1001.4 768.4 21757.49 1243.42 2.53 63.50 57,149
6/9/2004 22:00 1.32 1068.4 819.2 23197.75 1278.19 2.47 61.22 55,100
6/9/2004 22:15 1.26 1067.7 818.7 23182.70 1230.63 2.41 58.98 53,084
6/9/2004 22:30 1.19 767.5 590.8 16729.47 849.44 2.34 56.42 50,775
6/9/2004 22:45 1.12 1067.2 818.3 23171.95 1124.11 2.27 53.90 48,512
6/9/2004 23:00 1.06 1066.5 817.8 23156.91 1079.31 2.21 51.79 46,609
6/9/2004 23:15 1 1063.4 815.4 23090.27 1033.04 2.15 49.71 44,739
6/9/2004 23:30 0.94 979 751.4 21275.97 912.81 2.09 47.67 42,903
6/9/2004 23:45 0.9 1065.4 816.9 23133.26 964.61 2.05 46.33 41,698
6/10/2004 0:00 0.85 859.8 660.9 18713.59 752.52 2 44.68 40,213
Storm 2 (Downstream, Pre-Construction)
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6/13/2004 21:45 0.89 181.2 145.7 4126.12 133.33 2.12 35.90 32,314
6/13/2004 22:00 1.1 133.7 109.7 3105.04 119.71 2.33 42.84 38,554
6/13/2004 22:15 1.12 139.2 113.8 3223.27 126.28 2.35 43.53 39,176
6/13/2004 22:30 1.21 133.6 109.6 3102.89 130.45 2.44 46.71 42,041
6/13/2004 22:45 1.33 144.7 118.0 3341.50 153.76 2.56 51.13 46,016
6/13/2004 23:00 1.51 165.6 133.9 3790.77 198.31 2.74 58.13 52,314
6/13/2004 23:15 1.82 379.2 296.0 8382.41 537.36 3.05 71.23 64,105
6/13/2004 23:30 2.2 733.4 564.9 15996.45 1282.70 3.43 89.10 80,187
6/13/2004 23:45 2.77 608.7 470.2 13315.84 1433.74 4 119.64 107,672
6/14/2004 0:00 3.06 1048.2 803.9 22763.52 2804.56 4.29 136.89 123,204
6/14/2004 0:15 3.37 1048.6 804.2 22772.12 3210.03 4.6 156.63 140,963
6/14/2004 0:30 3.58 507.3 393.3 11136.10 1711.30 4.81 170.75 153,671
6/14/2004 0:45 3.71 1047.9 803.7 22757.07 3682.39 4.94 179.79 161,813
6/14/2004 1:00 3.81 1046.6 802.7 22729.13 3823.46 5.04 186.91 168,219
6/14/2004 1:15 3.91 1045.3 801.7 22701.18 3966.99 5.14 194.16 174,748
6/14/2004 1:30 3.96 505.2 391.7 11090.96 1974.85 5.19 197.84 178,060
6/14/2004 1:45 3.98 1042.9 799.9 22649.59 4063.18 5.21 199.33 179,393
6/14/2004 2:00 3.95 1042.2 799.3 22634.54 4015.26 5.18 197.11 177,395
6/14/2004 2:15 3.9 1041.8 799.0 22625.94 3938.95 5.13 193.43 174,090
6/14/2004 2:30 3.82 1041.1 798.5 22610.90 3818.21 5.05 187.63 168,866
6/14/2004 2:45 3.74 1040.7 798.2 22602.30 3700.48 4.97 181.91 163,722
6/14/2004 3:00 3.65 1039.8 797.5 22582.95 3568.77 4.88 175.59 158,029
6/14/2004 3:15 3.54 1038.3 796.4 22550.71 3409.86 4.77 168.01 151,209
6/14/2004 3:30 3.43 460.8 358.0 10136.52 1465.11 4.66 160.60 144,538
6/14/2004 3:45 3.31 885.1 680.1 19257.45 2646.60 4.54 152.70 137,433
6/14/2004 4:00 3.21 706.1 544.2 15409.59 2028.64 4.44 146.28 131,648
6/14/2004 4:15 3.12 582.5 450.4 12752.63 1613.82 4.35 140.61 126,548
6/14/2004 4:30 3 504.2 390.9 11069.46 1327.28 4.23 133.23 119,905
6/14/2004 4:45 2.88 433.9 337.5 9558.26 1084.29 4.11 126.04 113,440
6/14/2004 5:00 2.78 376.7 294.1 8328.67 901.08 4.01 120.21 108,190
6/14/2004 5:15 2.67 343.7 269.1 7619.29 781.42 3.9 113.95 102,558
6/14/2004 5:30 2.57 316.4 248.3 7032.43 686.14 3.8 108.41 97,568
6/14/2004 5:45 2.48 291.5 229.4 6497.17 605.43 3.71 103.54 93,184
6/14/2004 6:00 2.41 270.0 213.1 6035.00 542.20 3.64 99.83 89,843
6/14/2004 6:15 2.35 252.6 199.9 5660.96 492.66 3.58 96.70 87,028
6/14/2004 6:30 2.27 238.1 188.9 5349.26 445.83 3.5 92.61 83,345
6/14/2004 6:45 2.23 220.7 175.7 4975.23 405.64 3.46 90.59 81,533
6/14/2004 7:00 2.19 208.0 166.1 4702.22 374.96 3.42 88.60 79,740
6/14/2004 7:15 2.13 195.6 156.6 4435.67 341.94 3.36 85.65 77,089
6/14/2004 7:30 2.08 188.4 151.2 4280.89 320.70 3.31 83.24 74,914
6/14/2004 7:45 2.04 180.4 145.1 4108.92 300.76 3.27 81.33 73,197
6/14/2004 8:00 2 174.8 140.9 3988.54 285.18 3.23 79.44 71,499
6/14/2004 8:15 1.96 172.0 138.7 3928.35 274.28 3.19 77.58 69,821
6/14/2004 8:30 1.9 170.5 137.6 3896.10 262.37 3.13 74.82 67,342
6/14/2004 8:45 1.85 168.2 135.8 3846.66 251.22 3.08 72.57 65,310
Storm 3 (Upstream, Pre-Construction)
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DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
Storm 3 (Upstream, Pre-Construction)
6/14/2004 9:00 1.81 168.8 136.3 3859.56 245.88 3.04 70.78 63,706
6/14/2004 9:15 1.76 169.0 136.5 3863.86 238.52 2.99 68.59 61,730
6/14/2004 9:30 1.7 166.4 134.5 3807.97 226.19 2.93 66.00 59,399
6/14/2004 9:45 1.66 166.7 134.7 3814.42 220.74 2.89 64.30 57,871
6/14/2004 10:00 1.62 163.7 132.4 3749.93 211.35 2.85 62.62 56,362
6/14/2004 10:15 1.55 163.2 132.0 3739.18 201.05 2.78 59.74 53,769
6/14/2004 10:30 1.51 163.6 132.4 3747.78 196.06 2.74 58.13 52,314
6/14/2004 10:45 1.48 159.2 129.0 3653.20 187.18 2.71 56.93 51,237
6/14/2004 11:00 1.43 150.1 122.1 3457.58 171.03 2.66 54.96 49,465
6/14/2004 11:15 1.4 151.6 123.2 3489.82 168.97 2.63 53.80 48,418
6/14/2004 11:30 1.36 144.0 117.5 3326.45 156.47 2.59 52.26 47,038
6/14/2004 11:45 1.32 139.0 113.7 3218.97 147.04 2.55 50.75 45,678
6/14/2004 12:00 1.31 134.4 110.2 3120.08 141.47 2.54 50.38 45,341
6/14/2004 12:15 1.28 127.3 104.8 2967.46 131.57 2.51 49.26 44,338
6/14/2004 12:30 1.25 124.3 102.5 2902.97 125.83 2.48 48.16 43,346
6/14/2004 12:45 1.23 118.7 98.3 2782.59 118.79 2.46 47.43 42,691
6/14/2004 13:00 1.18 113.7 94.5 2675.11 109.88 2.41 45.64 41,075
6/14/2004 13:15 1.16 109.6 91.4 2586.97 104.61 2.39 44.93 40,437
6/14/2004 13:30 1.12 103.6 86.8 2457.99 96.30 2.35 43.53 39,176
6/14/2004 13:45 1.1 100.2 84.2 2384.91 91.95 2.33 42.84 38,554
6/14/2004 14:00 1.07 96.6 81.5 2307.52 86.83 2.3 41.81 37,629
6/14/2004 14:15 1.02 92.9 78.7 2227.98 80.46 2.25 40.12 36,112
6/14/2004 14:30 1.01 88.8 75.6 2139.85 76.63 2.24 39.79 35,812
6/14/2004 14:45 0.99 86.6 73.9 2092.55 73.69 2.22 39.13 35,217
6/14/2004 15:00 0.95 82.7 70.9 2008.72 68.38 2.18 37.82 34,041
6/14/2004 15:15 0.93 79.2 68.3 1933.48 64.69 2.16 37.18 33,460
6/14/2004 15:30 0.9 84.3 72.2 2043.11 66.60 2.13 36.22 32,599
6/14/2004 15:45 0.87 74.2 64.5 1826.00 57.97 2.1 35.28 31,748
6/14/2004 16:00 0.86 73.2 63.7 1804.50 56.78 2.09 34.96 31,467
6/14/2004 16:15 0.84 71.2 62.2 1761.51 54.45 2.07 34.34 30,909
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DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
6/13/2004 22:45 0.89 186 149.4 4229.30 175.09 2.04 46.00 41,399
6/13/2004 23:00 1.01 144.6 117.9 3339.35 150.43 2.16 50.05 45,048
6/13/2004 23:15 1.14 127 104.6 2961.01 145.54 2.29 54.62 49,154
6/13/2004 23:30 1.28 130.6 107.3 3038.40 163.32 2.43 59.72 53,752
6/13/2004 23:45 1.61 140.6 114.9 3253.36 212.50 2.76 72.57 65,317
6/14/2004 0:00 2.13 229.6 182.5 5166.54 442.31 3.28 95.12 85,611
6/14/2004 0:15 2.71 493 382.4 10828.70 1204.53 3.86 123.59 111,235
6/14/2004 0:30 3.14 847.9 651.8 18457.79 2441.33 4.29 146.96 132,266
6/14/2004 0:45 3.43 1082.5 829.9 23500.85 3464.67 4.58 163.81 147,427
6/14/2004 1:00 3.6 1082.7 830.1 23505.15 3682.82 4.75 174.09 156,681
6/14/2004 1:15 3.71 1083 830.3 23511.60 3828.00 4.86 180.90 162,813
6/14/2004 1:30 3.78 1082.8 830.2 23507.30 3920.42 4.93 185.31 166,775
6/14/2004 1:45 3.83 1082.2 829.7 23494.40 3985.41 4.98 188.48 169,632
6/14/2004 2:00 3.86 1081.1 828.9 23470.75 4021.90 5.01 190.40 171,358
6/14/2004 2:15 3.89 901.8 692.7 19616.44 3395.45 5.04 192.32 173,092
6/14/2004 2:30 3.89 1079 827.3 23425.61 4054.79 5.04 192.32 173,092
6/14/2004 2:45 3.87 1078.1 826.6 23406.27 4024.36 5.02 191.04 171,935
6/14/2004 3:00 3.84 468.7 364.0 10306.34 1754.21 4.99 189.12 170,206
6/14/2004 3:15 3.8 415 323.2 9151.98 1536.75 4.95 186.57 167,915
6/14/2004 3:30 3.75 1076.5 825.4 23371.87 3858.02 4.9 183.41 165,071
6/14/2004 3:45 3.72 1075.9 824.9 23358.97 3816.31 4.87 181.53 163,376
6/14/2004 4:00 3.66 1075.3 824.5 23346.08 3735.65 4.81 177.79 160,012
6/14/2004 4:15 3.58 1074.7 824.0 23333.18 3630.14 4.73 172.86 155,578
6/14/2004 4:30 3.53 1074 823.5 23318.13 3563.90 4.68 169.82 152,838
6/14/2004 4:45 3.46 843.3 648.3 18358.90 2736.22 4.61 165.60 149,041
6/14/2004 5:00 3.39 702.8 541.7 15338.65 2228.54 4.54 161.43 145,289
6/14/2004 5:15 3.31 675.4 520.9 14749.65 2080.56 4.46 156.73 141,058
6/14/2004 5:30 3.24 1071.7 821.7 23268.69 3197.23 4.39 152.67 137,405
6/14/2004 5:45 3.16 473.6 367.7 10411.67 1387.73 4.31 148.10 133,286
6/14/2004 6:00 3.07 434.1 337.7 9562.56 1230.93 4.22 143.03 128,724
6/14/2004 6:15 2.93 498.3 386.4 10942.63 1332.58 4.08 135.31 121,779
6/14/2004 6:30 2.81 321.1 251.9 7133.47 827.28 3.96 128.86 115,971
6/14/2004 6:45 2.7 293.5 231.0 6540.17 724.43 3.85 123.07 110,767
6/14/2004 7:00 2.59 275.8 217.5 6159.68 650.92 3.74 117.42 105,675
6/14/2004 7:15 2.49 258 204.0 5777.04 584.32 3.64 112.38 101,145
6/14/2004 7:30 2.36 238.5 189.2 5357.86 511.12 3.51 105.99 95,395
6/14/2004 7:45 2.24 243.3 192.9 5461.04 492.74 3.39 100.25 90,229
6/14/2004 8:00 2.13 211.4 168.6 4775.31 408.82 3.28 95.12 85,611
6/14/2004 8:15 2.03 196.2 157.1 4448.56 362.61 3.18 90.57 81,512
6/14/2004 8:30 1.93 187.5 150.5 4261.54 330.30 3.08 86.12 77,506
6/14/2004 8:45 1.85 180.7 145.3 4115.37 306.06 3 82.63 74,369
6/14/2004 9:00 1.78 174 140.2 3971.34 284.64 2.93 79.64 71,673
6/14/2004 9:15 1.7 172 138.7 3928.35 269.68 2.85 76.28 68,648
6/14/2004 9:30 1.63 164 132.7 3756.38 248.11 2.78 73.39 66,051
6/14/2004 9:45 1.55 161.5 130.8 3702.64 233.78 2.7 70.15 63,139
Storm 3 (Downstream, Pre-Construction)
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DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
Storm 3 (Downstream, Pre-Construction)
6/14/2004 10:00 1.49 160.2 129.8 3674.69 224.13 2.64 67.77 60,994
6/14/2004 10:15 1.44 162.9 131.8 3732.73 221.10 2.59 65.81 59,232
6/14/2004 10:30 1.39 154.9 125.7 3560.76 204.72 2.54 63.88 57,494
6/14/2004 10:45 1.35 160.1 129.7 3672.54 206.10 2.5 62.36 56,120
6/14/2004 11:00 1.29 157 127.3 3605.90 195.03 2.44 60.10 54,088
6/14/2004 11:15 1.25 158.5 128.5 3638.15 191.92 2.4 58.61 52,751
6/14/2004 11:30 1.21 159.7 129.4 3663.94 188.44 2.36 57.14 51,430
6/14/2004 11:45 1.17 153.8 124.9 3537.11 177.29 2.32 55.69 50,124
6/14/2004 12:00 1.14 148.3 120.7 3418.88 168.05 2.29 54.62 49,154
6/14/2004 12:15 1.1 147.6 120.2 3403.84 162.95 2.25 53.19 47,874
6/14/2004 12:30 1.07 144.7 118.0 3341.50 156.79 2.22 52.14 46,923
6/14/2004 12:45 1.04 141.2 115.3 3266.26 150.19 2.19 51.09 45,982
6/14/2004 13:00 1.01 132.9 109.0 3087.84 139.10 2.16 50.05 45,048
6/14/2004 13:15 0.98 126 103.8 2939.51 129.70 2.13 49.03 44,123
6/14/2004 13:30 0.95 121 100.0 2832.03 122.36 2.1 48.01 43,207
6/14/2004 13:45 0.92 117.9 97.7 2765.39 116.97 2.07 47.00 42,299
6/14/2004 14:00 0.88 112.1 93.3 2640.71 108.54 2.03 45.67 41,101
6/14/2004 14:15 0.86 108.3 90.4 2559.03 103.66 2.01 45.01 40,508
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DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
6/14/2004 16:30 0.87 68.8 60.4 1709.92 54.29 2.1 35.28 31,748
6/14/2004 16:45 1.02 234.5 186.2 5271.88 190.38 2.25 40.12 36,112
6/14/2004 17:00 1.56 225.2 179.1 5071.96 274.57 2.79 60.15 54,135
6/14/2004 17:15 1.73 259.0 204.8 5798.54 351.15 2.96 67.29 60,559
6/14/2004 17:30 1.76 181.3 145.8 4128.27 254.84 2.99 68.59 61,730
6/14/2004 17:45 1.86 176.5 142.1 4025.08 264.50 3.09 73.01 65,713
6/14/2004 18:00 2.01 178.0 143.3 4057.33 291.81 3.24 79.91 71,922
6/14/2004 18:15 2.1 209.5 167.2 4734.47 358.78 3.33 84.20 75,781
6/14/2004 18:30 2.28 291.0 229.1 6486.42 543.57 3.51 93.11 83,801
6/14/2004 18:45 2.55 313.1 245.8 6961.50 672.38 3.78 107.32 96,585
6/14/2004 19:00 2.87 573.9 443.8 12567.76 1419.02 4.1 125.46 112,910
6/14/2004 19:15 3.13 809.7 622.8 17636.62 2241.79 4.36 141.23 127,110
6/14/2004 19:30 3.34 1045.5 801.8 22705.48 3160.43 4.57 154.66 139,192
6/14/2004 19:45 3.49 1045.6 801.9 22707.63 3364.31 4.72 164.62 148,158
6/14/2004 20:00 3.6 1045.8 802.1 22711.93 3518.31 4.83 172.12 154,910
6/14/2004 20:15 3.7 1045.9 802.1 22714.08 3661.04 4.93 179.09 161,179
6/14/2004 20:30 3.77 1045.7 802.0 22709.78 3761.68 5 184.05 165,641
6/14/2004 20:45 3.84 1045.3 801.7 22701.18 3862.93 5.07 189.07 170,164
6/14/2004 21:00 3.88 1044.9 801.4 22692.58 3920.74 5.11 191.97 172,776
6/14/2004 21:15 3.89 1045.0 801.5 22694.73 3936.00 5.12 192.70 173,432
6/14/2004 21:30 3.86 1044.9 801.4 22692.58 3891.05 5.09 190.52 171,468
6/14/2004 21:45 3.82 1044.8 801.3 22690.43 3831.64 5.05 187.63 168,866
6/14/2004 22:00 3.76 1044.3 800.9 22679.69 3742.15 4.99 183.33 165,000
6/14/2004 22:15 3.67 1039.3 797.1 22572.20 3595.42 4.9 176.98 159,285
6/14/2004 22:30 3.59 1019.9 782.4 22155.17 3418.33 4.82 171.43 154,290
6/14/2004 22:45 3.49 1000.5 767.7 21738.14 3220.68 4.72 164.62 148,158
6/14/2004 23:00 3.39 802.9 617.6 17489.37 2486.11 4.62 157.94 142,150
6/14/2004 23:15 3.34 605.2 467.6 13240.60 1842.99 4.57 154.66 139,192
6/14/2004 23:30 3.26 505.7 392.1 11101.71 1493.46 4.49 149.47 134,525
6/14/2004 23:45 3.15 412.4 321.2 9096.09 1166.46 4.38 142.49 128,237
6/15/2004 0:00 3.08 356.9 279.1 7903.04 982.46 4.31 138.13 124,314
6/15/2004 0:15 2.97 312.9 245.7 6957.20 822.84 4.2 131.41 118,272
6/15/2004 0:30 2.86 278.8 219.8 6224.17 699.47 4.09 124.87 112,380
6/15/2004 0:45 2.82 251.6 199.2 5639.47 621.89 4.05 122.53 110,275
6/15/2004 1:00 2.74 235.2 186.7 5286.92 561.07 3.97 117.92 106,124
6/15/2004 1:15 2.64 218.7 174.2 4932.23 498.39 3.87 112.28 101,048
6/15/2004 1:30 2.58 209.6 167.3 4736.62 464.48 3.81 108.96 98,062
6/15/2004 1:45 2.53 194.3 155.7 4407.72 421.41 3.76 106.23 95,607
6/15/2004 2:00 2.47 185.4 148.9 4216.40 390.87 3.7 103.00 92,703
6/15/2004 2:15 2.42 186.8 150.0 4246.50 383.53 3.65 100.35 90,317
6/15/2004 2:30 2.37 177.0 142.5 4035.83 355.00 3.6 97.74 87,962
6/15/2004 2:45 2.32 170.7 137.7 3900.40 334.02 3.55 95.15 85,638
6/15/2004 3:00 2.29 179.0 144.0 4078.82 343.67 3.52 93.62 84,258
6/15/2004 3:15 2.22 182.2 146.5 4147.61 336.30 3.45 90.09 81,083
6/15/2004 3:30 2.18 176.6 142.2 4027.23 319.34 3.41 88.11 79,295
Storm 4 (Upstream, Pre-Construction)
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DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
Storm 4 (Upstream, Pre-Construction)
6/15/2004 3:45 2.14 172.3 139.0 3934.80 305.06 3.37 86.14 77,528
6/15/2004 4:00 2.11 173.4 139.8 3958.44 301.70 3.34 84.68 76,216
6/15/2004 4:15 2.06 179.6 144.5 4091.72 303.01 3.29 82.28 74,053
6/15/2004 4:30 2.02 179.5 144.4 4089.57 295.86 3.25 80.38 72,345
6/15/2004 4:45 1.98 172.3 139.0 3934.80 278.02 3.21 78.51 70,658
6/15/2004 5:00 1.94 174.1 140.3 3973.49 274.13 3.17 76.66 68,990
6/15/2004 5:15 1.91 205.2 163.9 4642.03 314.51 3.14 75.28 67,752
6/15/2004 5:30 1.85 207.1 165.4 4682.87 305.84 3.08 72.57 65,310
6/15/2004 5:45 1.82 195.3 156.4 4429.22 283.94 3.05 71.23 64,105
6/15/2004 6:00 1.76 181.2 145.7 4126.12 254.70 2.99 68.59 61,730
6/15/2004 6:15 1.74 179.9 144.7 4098.17 249.78 2.97 67.72 60,948
6/15/2004 6:30 1.7 181.2 145.7 4126.12 245.09 2.93 66.00 59,399
6/15/2004 6:45 1.66 176.8 142.4 4031.53 233.31 2.89 64.30 57,871
6/15/2004 7:00 1.64 162.2 131.3 3717.68 212.33 2.87 63.46 57,114
6/15/2004 7:15 1.59 148.6 121.0 3425.33 189.23 2.82 61.38 55,243
6/15/2004 7:30 1.54 149.9 122.0 3453.28 184.42 2.77 59.34 53,403
6/15/2004 7:45 1.51 145.0 118.2 3347.95 175.15 2.74 58.13 52,314
6/15/2004 8:00 1.49 144.1 117.5 3328.60 171.74 2.72 57.33 51,595
6/15/2004 8:15 1.48 157.7 127.9 3620.95 185.53 2.71 56.93 51,237
6/15/2004 8:30 1.45 138.1 113.0 3199.62 160.53 2.68 55.74 50,170
6/15/2004 8:45 1.42 140.1 114.5 3242.61 159.26 2.65 54.57 49,115
6/15/2004 9:00 1.4 144.3 117.7 3332.90 161.37 2.63 53.80 48,418
6/15/2004 9:15 1.38 133.6 109.6 3102.89 148.09 2.61 53.03 47,725
6/15/2004 9:30 1.37 380.3 296.9 8406.06 398.29 2.6 52.65 47,381
6/15/2004 9:45 1.34 151.1 122.9 3479.07 161.27 2.57 51.51 46,355
6/15/2004 10:00 1.34 123.7 102.1 2890.07 133.97 2.57 51.51 46,355
6/15/2004 10:15 1.32 121.9 100.7 2851.38 130.24 2.55 50.75 45,678
6/15/2004 10:30 1.32 118.3 98.0 2773.99 126.71 2.55 50.75 45,678
6/15/2004 10:45 1.29 106.8 89.2 2526.78 112.87 2.52 49.63 44,671
6/15/2004 11:00 1.28 103.3 86.6 2451.54 108.70 2.51 49.26 44,338
6/15/2004 11:15 1.27 105.5 88.2 2498.84 109.96 2.5 48.90 44,006
6/15/2004 11:30 1.25 101.1 84.9 2404.25 104.21 2.48 48.16 43,346
6/15/2004 11:45 1.23 108.2 90.3 2556.88 109.16 2.46 47.43 42,691
6/15/2004 12:00 1.22 102.8 86.2 2440.80 103.40 2.45 47.07 42,365
6/15/2004 12:15 1.2 97.5 82.2 2326.87 97.07 2.43 46.35 41,717
6/15/2004 12:30 1.2 114.8 95.3 2698.75 112.58 2.43 46.35 41,717
6/15/2004 12:45 1.18 72.1 62.9 1780.86 73.15 2.41 45.64 41,075
6/15/2004 13:00 1.16 70.0 61.3 1735.71 70.19 2.39 44.93 40,437
6/15/2004 13:15 1.15 70.2 61.4 1740.01 69.81 2.38 44.58 40,120
6/15/2004 13:30 1.14 68.7 60.3 1707.77 67.98 2.37 44.23 39,804
6/15/2004 13:45 1.13 64.4 57.0 1615.33 63.79 2.36 43.88 39,490
6/15/2004 14:00 1.13 64.2 56.9 1611.03 63.62 2.36 43.88 39,490
6/15/2004 14:15 1.1 62.8 55.8 1580.94 60.95 2.33 42.84 38,554
6/15/2004 14:30 1.09 61.5 54.8 1552.99 59.39 2.32 42.49 38,244
6/15/2004 14:45 1.07 60.4 54.0 1529.35 57.55 2.3 41.81 37,629
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DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
Storm 4 (Upstream, Pre-Construction)
6/15/2004 15:00 1.06 57.4 51.7 1464.86 54.67 2.29 41.47 37,323
6/15/2004 15:15 1.03 58.4 52.5 1486.35 54.12 2.26 40.46 36,413
6/15/2004 15:30 1.01 57.9 52.1 1475.61 52.85 2.24 39.79 35,812
6/15/2004 15:45 1.02 55.6 50.4 1426.16 51.50 2.25 40.12 36,112
6/15/2004 16:45 1.17 50.1 46.2 1307.93 53.31 2.4 45.28 40,755
6/15/2004 17:00 1.14 48.6 45.1 1275.69 50.78 2.37 44.23 39,804
6/15/2004 17:15 1.11 48.4 44.9 1271.39 49.41 2.34 43.18 38,864
6/15/2004 17:30 1.1 48.7 45.1 1277.84 49.27 2.33 42.84 38,554
6/15/2004 17:45 1.09 45.8 42.9 1215.50 46.49 2.32 42.49 38,244
6/15/2004 18:00 1.07 46.3 43.3 1226.25 46.14 2.3 41.81 37,629
6/15/2004 18:15 1.05 45.7 42.8 1213.35 44.92 2.28 41.13 37,018
6/15/2004 18:30 1.04 44.6 42.0 1189.70 43.68 2.27 40.79 36,715
6/15/2004 18:45 1.01 45.6 42.8 1211.20 43.38 2.24 39.79 35,812
6/15/2004 19:00 1.01 44.6 42.0 1189.70 42.61 2.24 39.79 35,812
6/15/2004 19:15 1 42.8 40.6 1151.01 40.88 2.23 39.46 35,514
6/15/2004 19:30 0.99 43.5 41.2 1166.06 41.06 2.22 39.13 35,217
6/15/2004 19:45 0.99 42.8 40.6 1151.01 40.54 2.22 39.13 35,217
6/15/2004 20:00 0.97 42.3 40.3 1140.26 39.48 2.2 38.47 34,626
6/15/2004 20:15 0.98 41.6 39.7 1125.21 39.29 2.21 38.80 34,921
6/15/2004 20:30 0.97 41.0 39.3 1112.32 38.52 2.2 38.47 34,626
6/15/2004 20:45 0.95 40.1 38.6 1092.97 37.21 2.18 37.82 34,041
6/15/2004 21:00 0.94 40.4 38.8 1099.42 37.11 2.17 37.50 33,750
6/15/2004 21:15 0.93 37.9 36.9 1045.68 34.99 2.16 37.18 33,460
6/15/2004 21:30 0.93 39.0 37.8 1069.32 35.78 2.16 37.18 33,460
6/15/2004 21:45 0.91 39.0 37.8 1069.32 35.16 2.14 36.54 32,885
6/15/2004 22:00 0.92 37.6 36.7 1039.23 34.47 2.15 36.86 33,172
6/15/2004 22:15 0.92 38.8 37.6 1065.02 35.33 2.15 36.86 33,172
6/15/2004 22:30 0.9 38.4 37.3 1056.43 34.44 2.13 36.22 32,599
6/15/2004 22:45 0.91 38.8 37.6 1065.02 35.02 2.14 36.54 32,885
6/15/2004 23:00 0.9 38.3 37.2 1054.28 34.37 2.13 36.22 32,599
6/15/2004 23:15 0.88 36.2 35.6 1009.13 32.32 2.11 35.59 32,031
6/15/2004 23:30 0.87 36.5 35.9 1015.58 32.24 2.1 35.28 31,748
6/15/2004 23:45 0.87 36.5 35.9 1015.58 32.24 2.1 35.28 31,748
6/16/2004 0:00 0.86 36.6 35.9 1017.73 32.03 2.09 34.96 31,467
6/16/2004 0:15 0.86 35.4 35.0 991.94 31.21 2.09 34.96 31,467
6/16/2004 0:30 0.84 34.9 34.7 981.19 30.33 2.07 34.34 30,909
6/16/2004 0:45 0.84 33.9 33.9 959.69 29.66 2.07 34.34 30,909
6/16/2004 1:00 0.83 33.6 33.7 953.24 29.20 2.06 34.04 30,632
6/16/2004 1:15 0.81 34.4 34.3 970.44 29.19 2.04 33.42 30,081
6/16/2004 1:30 0.8 34.3 34.2 968.29 28.86 2.03 33.12 29,808
6/16/2004 1:45 0.8 34.0 34.0 961.84 28.67 2.03 33.12 29,808
6/16/2004 2:00 0.78 32.6 32.9 931.75 27.27 2.01 32.52 29,264
6/16/2004 2:15 0.77 32.8 33.1 936.05 27.14 2 32.22 28,994
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6/14/2004 17:30 1 257.2 203.4 5759.85 257.69 2.15 49.71 44,739
6/14/2004 17:45 1.22 220.3 175.4 4966.63 257.07 2.37 57.51 51,759
6/14/2004 18:00 1.4 206.5 164.9 4669.98 270.11 2.55 64.27 57,840
6/14/2004 18:15 1.54 209.2 167.0 4728.02 296.82 2.69 69.75 62,779
6/14/2004 18:30 1.71 177.4 142.8 4044.43 279.16 2.86 76.69 69,023
6/14/2004 18:45 1.9 165.5 133.8 3788.62 289.16 3.05 84.80 76,323
6/14/2004 19:00 2.14 169.9 137.1 3883.21 334.06 3.29 95.58 86,026
6/14/2004 19:15 2.48 211.7 168.9 4781.76 481.51 3.63 111.89 100,697
6/14/2004 19:30 2.87 279.2 220.1 6232.77 740.81 4.02 132.06 118,858
6/14/2004 19:45 3.19 347.5 272.0 7700.97 1038.27 4.34 149.80 134,824
6/14/2004 20:00 3.41 747.3 575.5 16295.25 2384.91 4.56 162.62 146,356
6/14/2004 20:15 3.57 1080.9 828.7 23466.46 3637.97 4.72 172.25 155,028
6/14/2004 20:30 3.65 1080.8 828.6 23464.31 3741.49 4.8 177.17 159,454
6/14/2004 20:45 3.73 1080.7 828.6 23462.16 3846.40 4.88 182.16 163,940
6/14/2004 21:00 3.79 1080.8 828.6 23464.31 3926.62 4.94 185.94 167,344
6/14/2004 21:15 3.83 1080.7 828.5 23461.08 3979.75 4.98 188.48 169,632
6/14/2004 21:30 3.86 1080.5 828.4 23457.86 4019.69 5.01 190.40 171,358
6/14/2004 21:45 3.86 1080.2 828.2 23451.41 4018.59 5.01 190.40 171,358
6/14/2004 22:00 3.86 1080.0 828.0 23447.11 4017.85 5.01 190.40 171,358
6/14/2004 22:15 3.84 1079.8 827.9 23442.81 3990.12 4.99 189.12 170,206
6/14/2004 22:30 3.82 1079.7 827.8 23440.66 3962.85 4.97 187.84 169,059
6/14/2004 22:45 3.78 1079.5 827.6 23436.36 3908.59 4.93 185.31 166,775
6/14/2004 23:00 3.74 1072.9 822.6 23294.48 3832.07 4.89 182.78 164,505
6/14/2004 23:15 3.7 709.5 546.8 15482.68 2512.08 4.85 180.28 162,251
6/14/2004 23:30 3.64 723.2 557.2 15777.18 2506.96 4.79 176.55 158,898
6/14/2004 23:45 3.6 1077.8 826.4 23399.82 3666.31 4.75 174.09 156,681
6/15/2004 0:00 3.54 835.6 642.5 18193.38 2790.58 4.69 170.43 153,384
6/15/2004 0:15 3.49 710.0 547.1 15493.43 2334.28 4.64 167.40 150,662
6/15/2004 0:30 3.44 518.6 401.8 11379.01 1683.69 4.59 164.40 147,964
6/15/2004 0:45 3.38 424.1 330.1 9347.60 1353.13 4.53 160.84 144,757
6/15/2004 1:00 3.31 356.2 278.6 7887.99 1112.66 4.46 156.73 141,058
6/15/2004 1:15 3.23 319.2 250.5 7092.62 970.89 4.38 152.10 136,887
6/15/2004 1:30 3.16 282.2 222.4 6297.26 839.34 4.31 148.10 133,286
6/15/2004 1:45 3.08 250.1 198.0 5607.22 724.61 4.23 143.59 129,227
6/15/2004 2:00 3 234.6 186.3 5274.03 660.46 4.15 139.14 125,228
6/15/2004 2:15 2.92 218.6 174.1 4930.08 597.97 4.07 134.77 121,289
6/15/2004 2:30 2.84 208.3 166.3 4708.67 552.85 3.99 130.46 117,410
6/15/2004 2:45 2.76 197.4 158.0 4474.36 508.25 3.91 126.21 113,591
6/15/2004 3:00 2.68 187.0 150.1 4250.80 466.87 3.83 122.04 109,832
6/15/2004 3:15 2.61 178.1 143.4 4059.48 432.71 3.76 118.44 106,592
6/15/2004 3:30 2.51 168.4 136.0 3850.96 392.96 3.66 113.38 102,043
6/15/2004 3:45 2.42 168.1 135.8 3844.51 376.87 3.57 108.92 98,029
6/15/2004 4:00 2.33 164.3 132.9 3762.83 354.05 3.48 104.55 94,091
6/15/2004 4:15 2.23 159.7 129.4 3663.94 329.04 3.38 99.78 89,804
6/15/2004 4:30 2.16 163.8 132.5 3752.08 325.90 3.31 96.51 86,859
Storm 4 (Downstream, Pre-Construction)
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6/15/2004 4:45 2.09 160.8 130.2 3687.59 309.61 3.24 93.29 83,960
6/15/2004 5:00 2.01 167.6 135.4 3833.77 309.40 3.16 89.67 80,703
6/15/2004 5:15 1.94 168.2 135.8 3846.66 299.66 3.09 86.56 77,903
6/15/2004 5:30 1.86 168.5 136.1 3853.11 288.05 3.01 83.06 74,758
6/15/2004 5:45 1.8 172.6 139.2 3941.25 285.50 2.95 80.49 72,439
6/15/2004 6:00 1.74 169.7 137.0 3878.91 272.12 2.89 77.95 70,153
6/15/2004 6:15 1.68 164.3 132.9 3762.83 255.50 2.83 75.45 67,902
6/15/2004 6:30 1.63 165.8 134.0 3795.07 250.67 2.78 73.39 66,051
6/15/2004 6:45 1.59 157.2 127.5 3610.20 233.17 2.74 71.76 64,587
6/15/2004 7:00 1.55 159.1 128.9 3651.05 230.52 2.7 70.15 63,139
6/15/2004 7:15 1.51 155.0 125.8 3562.91 219.85 2.66 68.56 61,705
6/15/2004 7:30 1.47 150.2 122.2 3459.73 208.57 2.62 66.98 60,286
6/15/2004 7:45 1.44 150.5 122.4 3466.18 205.31 2.59 65.81 59,232
6/15/2004 8:00 1.4 143.9 117.4 3324.30 192.28 2.55 64.27 57,840
6/15/2004 8:15 1.38 139.1 113.8 3221.12 184.08 2.53 63.50 57,149
6/15/2004 8:30 1.36 140.4 114.7 3249.06 183.45 2.51 62.74 56,462
6/15/2004 8:45 1.33 128.0 105.3 2982.51 165.35 2.48 61.60 55,439
6/15/2004 9:00 1.31 124.0 102.3 2896.52 158.62 2.46 60.85 54,761
6/15/2004 9:15 1.29 119.8 99.1 2806.24 151.78 2.44 60.10 54,088
6/15/2004 9:30 1.27 117.7 97.5 2761.09 147.49 2.42 59.35 53,418
6/15/2004 9:45 1.25 113.5 94.3 2670.81 140.89 2.4 58.61 52,751
6/15/2004 10:00 1.23 110.1 91.7 2597.72 135.31 2.38 57.88 52,089
6/15/2004 10:15 1.22 103.5 86.7 2455.84 127.11 2.37 57.51 51,759
6/15/2004 10:30 1.21 98.7 83.1 2352.66 121.00 2.36 57.14 51,430
6/15/2004 10:45 1.2 97.2 81.9 2320.42 118.58 2.35 56.78 51,102
6/15/2004 11:00 1.18 96.5 81.4 2305.37 116.30 2.33 56.05 50,449
6/15/2004 11:15 1.16 94.3 79.7 2258.08 112.45 2.31 55.33 49,799
6/15/2004 11:30 1.15 88.7 75.5 2137.70 105.76 2.3 54.97 49,476
6/15/2004 11:45 1.14 87.7 74.7 2116.20 104.02 2.29 54.62 49,154
6/15/2004 12:00 1.12 83.9 71.8 2034.51 98.70 2.27 53.90 48,512
6/15/2004 12:15 1.11 81.6 70.1 1985.07 95.67 2.26 53.55 48,192
6/15/2004 12:30 1.1 81.6 70.1 1985.07 95.03 2.25 53.19 47,874
6/15/2004 12:45 1.09 79.0 68.1 1929.18 91.74 2.24 52.84 47,556
6/15/2004 13:00 1.07 76.6 66.3 1877.59 88.10 2.22 52.14 46,923
6/15/2004 13:15 1.06 74.8 64.9 1838.90 85.71 2.21 51.79 46,609
6/15/2004 13:30 1.05 73.9 64.3 1819.55 84.24 2.2 51.44 46,295
6/15/2004 13:45 1.03 72.9 63.5 1798.05 82.12 2.18 50.74 45,670
6/15/2004 14:00 1.02 70.6 61.8 1748.61 79.31 2.17 50.40 45,358
6/15/2004 14:15 1.01 69.0 60.5 1714.22 77.22 2.16 50.05 45,048
6/15/2004 14:30 0.99 67.8 59.6 1688.42 75.02 2.14 49.37 44,431
6/15/2004 14:45 0.98 65.3 57.7 1634.68 72.13 2.13 49.03 44,123
6/15/2004 15:00 0.96 66.3 58.5 1656.18 72.06 2.11 48.35 43,511
6/15/2004 15:15 0.94 64.5 57.1 1617.48 69.40 2.09 47.67 42,903
6/15/2004 15:30 0.93 63.7 56.5 1600.29 68.17 2.08 47.33 42,601
6/15/2004 15:45 0.92 63.3 56.2 1591.69 67.33 2.07 47.00 42,299
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6/15/2004 16:00 0.9 60.9 54.4 1540.10 64.22 2.05 46.33 41,698
6/15/2004 16:15 0.88 60.3 53.9 1527.20 62.77 2.03 45.67 41,101
6/15/2004 16:30 0.86 60.9 54.4 1540.10 62.39 2.01 45.01 40,508
6/15/2004 16:45 0.85 58.7 52.7 1492.80 60.03 2 44.68 40,213
6/15/2004 18:00 0.99 38.8 37.6 1065.02 47.32 2.14 49.37 44,431
6/15/2004 18:15 0.96 39.7 38.3 1084.37 47.18 2.11 48.35 43,511
6/15/2004 18:30 0.95 35.8 35.3 1000.54 43.23 2.1 48.01 43,207
6/15/2004 18:45 0.94 35.7 35.3 998.39 42.83 2.09 47.67 42,903
6/15/2004 19:00 0.92 34.0 34.0 961.84 40.68 2.07 47.00 42,299
6/15/2004 19:15 0.92 33.6 33.7 953.24 40.32 2.07 47.00 42,299
6/15/2004 19:30 0.9 33.5 33.6 951.09 39.66 2.05 46.33 41,698
6/15/2004 19:45 0.9 32.3 32.7 925.30 38.58 2.05 46.33 41,698
6/15/2004 20:00 0.9 32.5 32.8 929.60 38.76 2.05 46.33 41,698
6/15/2004 20:15 0.89 31.8 32.3 914.55 37.86 2.04 46.00 41,399
6/15/2004 20:30 0.89 30.5 31.3 886.60 36.70 2.04 46.00 41,399
6/15/2004 20:45 0.87 30.7 31.5 890.90 36.35 2.02 45.34 40,804
6/15/2004 21:00 0.87 30.6 31.4 888.75 36.26 2.02 45.34 40,804
6/15/2004 21:15 0.86 29.9 30.9 873.71 35.39 2.01 45.01 40,508
6/15/2004 21:30 0.85 30.2 31.1 880.16 35.39 2 44.68 40,213
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7/27/2004 12:15 0.8 44.3 41.8 1183.26 35.27 2.03 33.12 29,808
7/27/2004 12:30 0.83 33.5 33.6 951.09 29.13 2.06 34.04 30,632
7/27/2004 12:45 0.82 28.5 29.8 843.61 25.61 2.05 33.73 30,356
7/27/2004 13:00 0.84 25.2 27.3 772.67 23.88 2.07 34.34 30,909
7/27/2004 13:15 0.88 29.6 30.6 867.26 27.78 2.11 35.59 32,031
7/27/2004 13:30 0.93 28.3 29.6 839.31 28.08 2.16 37.18 33,460
7/27/2004 13:45 0.96 29.1 30.2 856.51 29.41 2.19 38.15 34,333
7/27/2004 14:00 0.93 28.1 29.5 835.01 27.94 2.16 37.18 33,460
7/27/2004 14:15 0.88 24.5 26.8 757.63 24.27 2.11 35.59 32,031
7/27/2004 14:30 0.82 23.4 25.9 733.98 22.28 2.05 33.73 30,356
7/27/2004 16:45 0.81 25.3 27.4 774.82 23.31 2.04 33.42 30,081
7/27/2004 17:00 1 26.0 27.9 789.87 28.05 2.23 39.46 35,514
7/27/2004 17:15 1.2 31.7 32.2 912.40 38.06 2.43 46.35 41,717
7/27/2004 17:30 1.36 29.8 30.8 871.56 41.00 2.59 52.26 47,038
7/27/2004 17:45 1.41 27.1 28.7 813.52 39.67 2.64 54.18 48,766
7/27/2004 18:00 1.41 21.7 24.6 697.44 34.01 2.64 54.18 48,766
7/27/2004 18:15 1.35 19.3 22.8 645.84 30.16 2.58 51.88 46,696
7/27/2004 18:30 1.29 17.7 21.6 611.45 27.31 2.52 49.63 44,671
7/27/2004 18:45 1.25 16.6 20.8 587.80 25.48 2.48 48.16 43,346
7/27/2004 19:00 1.24 17.3 21.3 602.85 25.93 2.47 47.80 43,018
7/27/2004 19:15 1.25 19.2 22.7 643.69 27.90 2.48 48.16 43,346
7/27/2004 19:30 1.27 20.8 23.9 678.09 29.84 2.5 48.90 44,006
7/27/2004 19:45 1.3 28.1 29.5 835.01 37.58 2.53 50.01 45,005
7/27/2004 20:00 1.33 50.5 46.5 1316.53 60.58 2.56 51.13 46,016
7/27/2004 20:15 1.37 81.1 69.7 1974.32 93.55 2.6 52.65 47,381
7/27/2004 20:30 1.5 134.8 110.5 3128.68 162.55 2.73 57.73 51,954
7/27/2004 20:45 1.72 173.0 139.4 3948.77 237.60 2.95 66.86 60,171
7/27/2004 21:00 1.91 211.1 168.4 4768.86 323.10 3.14 75.28 67,752
7/27/2004 21:15 2.07 176.5 142.1 4025.08 299.80 3.3 82.76 74,483
7/27/2004 21:30 2.17 172.8 139.3 3945.55 311.11 3.4 87.61 78,852
7/27/2004 21:45 2.24 155.2 126.0 3567.21 292.45 3.47 91.09 81,984
7/27/2004 22:00 2.3 145.8 118.8 3365.14 285.08 3.53 94.13 84,717
7/27/2004 22:15 2.35 135.8 111.2 3150.18 274.15 3.58 96.70 87,028
7/27/2004 22:30 2.38 130.9 107.5 3044.85 269.26 3.61 98.26 88,430
7/27/2004 22:45 2.4 129.0 106.1 3004.00 268.47 3.63 99.30 89,371
7/27/2004 23:00 2.41 123.5 101.9 2885.77 259.27 3.64 99.83 89,843
7/27/2004 23:15 2.39 108.0 90.1 2552.58 226.92 3.62 98.78 88,900
7/27/2004 23:30 2.37 102.2 85.7 2427.90 213.56 3.6 97.74 87,962
7/27/2004 23:45 2.34 99.0 83.3 2359.11 204.21 3.57 96.18 86,563
7/28/2004 0:00 2.29 99.0 83.3 2359.11 198.77 3.52 93.62 84,258
7/28/2004 0:15 2.24 89.7 76.3 2159.19 177.02 3.47 91.09 81,984
7/28/2004 0:30 2.18 81.8 70.3 1989.37 157.75 3.41 88.11 79,295
7/28/2004 0:45 2.12 80.1 69.0 1952.83 149.69 3.35 85.17 76,652
7/28/2004 1:00 2.07 78.7 67.9 1922.73 143.21 3.3 82.76 74,483
7/28/2004 1:15 2.02 76.4 66.2 1873.29 135.52 3.25 80.38 72,345
Storm 5 (Upstream, Pre-Construction)
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7/28/2004 1:30 1.96 78.3 67.6 1914.13 133.65 3.19 77.58 69,821
7/28/2004 1:45 1.91 82.3 70.6 2000.12 135.51 3.14 75.28 67,752
7/28/2004 2:00 1.86 77.3 66.8 1892.64 124.37 3.09 73.01 65,713
7/28/2004 2:15 1.8 77.6 67.1 1899.09 120.23 3.03 70.34 63,308
7/28/2004 2:30 1.76 70.0 61.3 1735.71 107.15 2.99 68.59 61,730
7/28/2004 2:45 1.73 66.5 58.6 1660.48 100.56 2.96 67.29 60,559
7/28/2004 3:00 1.69 61.2 54.6 1546.54 91.27 2.92 65.57 59,015
7/28/2004 3:15 1.65 55.1 50.0 1415.42 81.37 2.88 63.88 57,491
7/28/2004 3:30 1.62 53.2 48.5 1374.57 77.47 2.85 62.62 56,362
7/28/2004 3:45 1.59 49.3 45.6 1290.74 71.30 2.82 61.38 55,243
7/28/2004 4:00 1.56 49.3 45.6 1290.74 69.87 2.79 60.15 54,135
7/28/2004 4:15 1.53 43.7 41.3 1170.36 62.07 2.76 58.93 53,039
7/28/2004 4:30 1.5 42.0 40.0 1133.81 58.91 2.73 57.73 51,954
7/28/2004 4:45 1.47 40.7 39.1 1105.87 56.27 2.7 56.53 50,880
7/28/2004 5:00 1.44 37.3 36.5 1032.78 51.45 2.67 55.35 49,817
7/28/2004 5:15 1.42 37.3 36.5 1032.78 50.72 2.65 54.57 49,115
7/28/2004 5:30 1.4 34.0 34.0 961.84 46.57 2.63 53.80 48,418
7/28/2004 5:45 1.38 33.0 33.2 940.35 44.88 2.61 53.03 47,725
7/28/2004 6:00 1.35 31.9 32.4 916.70 42.81 2.58 51.88 46,696
7/28/2004 6:15 1.33 29.1 30.2 856.51 39.41 2.56 51.13 46,016
7/28/2004 6:30 1.31 28.5 29.8 843.61 38.25 2.54 50.38 45,341
7/28/2004 6:45 1.29 27.5 29.0 822.12 36.72 2.52 49.63 44,671
7/28/2004 7:00 1.27 26.0 27.9 789.87 34.76 2.5 48.90 44,006
7/28/2004 7:15 1.25 25.6 27.6 781.27 33.86 2.48 48.16 43,346
7/28/2004 7:30 1.23 24.6 26.8 759.78 32.44 2.46 47.43 42,691
7/28/2004 7:45 1.21 24.8 27.0 764.07 32.12 2.44 46.71 42,041
7/28/2004 8:00 1.2 23.4 25.9 733.98 30.62 2.43 46.35 41,717
7/28/2004 8:15 1.19 21.8 24.7 699.59 28.96 2.42 45.99 41,395
7/28/2004 8:30 1.19 21.0 24.1 682.39 28.25 2.42 45.99 41,395
7/28/2004 8:45 1.17 23.3 25.8 731.83 29.83 2.4 45.28 40,755
7/28/2004 9:00 1.15 31.4 32.0 905.95 36.35 2.38 44.58 40,120
7/28/2004 9:15 1.13 19.2 22.7 643.69 25.42 2.36 43.88 39,490
7/28/2004 9:30 1.11 17.8 21.7 613.60 23.85 2.34 43.18 38,864
7/28/2004 9:45 1.1 17.2 21.2 600.70 23.16 2.33 42.84 38,554
7/28/2004 10:00 1.08 15.8 20.2 570.61 21.65 2.31 42.15 37,936
7/28/2004 10:15 1.07 16.2 20.5 579.21 21.79 2.3 41.81 37,629
7/28/2004 10:30 1.05 15.5 19.9 564.16 20.88 2.28 41.13 37,018
7/28/2004 10:45 1.03 15.1 19.6 555.56 20.23 2.26 40.46 36,413
7/28/2004 11:00 1.02 16.2 20.5 579.21 20.92 2.25 40.12 36,112
7/28/2004 11:15 1 14.5 19.2 542.66 19.27 2.23 39.46 35,514
7/28/2004 11:30 1 14.7 19.3 546.96 19.42 2.23 39.46 35,514
7/28/2004 11:45 0.98 13.6 18.5 523.31 18.27 2.21 38.80 34,921
7/28/2004 12:00 0.96 13.0 18.0 510.42 17.52 2.19 38.15 34,333
7/28/2004 12:15 0.93 13.6 18.5 523.31 17.51 2.16 37.18 33,460
7/28/2004 12:30 0.91 13.9 18.7 529.76 17.42 2.14 36.54 32,885
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DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
Storm 5 (Upstream, Pre-Construction)
7/28/2004 12:45 0.89 13.1 18.1 512.57 16.56 2.12 35.90 32,314
7/28/2004 13:00 0.88 12.6 17.7 501.82 16.07 2.11 35.59 32,031
7/28/2004 13:15 0.86 12.0 17.3 488.92 15.39 2.09 34.96 31,467
7/28/2004 13:30 0.84 12.1 17.3 491.07 15.18 2.07 34.34 30,909
7/28/2004 13:45 0.82 12.1 17.3 491.07 14.91 2.05 33.73 30,356
7/28/2004 14:00 0.8 11.9 17.2 486.77 14.51 2.03 33.12 29,808
7/28/2004 14:15 0.79 11.1 16.6 469.57 13.87 2.02 32.82 29,535
7/28/2004 14:30 0.78 10.9 16.4 465.27 13.62 2.01 32.52 29,264
7/28/2004 14:45 0.77 10.3 16.0 452.38 13.12 2 32.22 28,994
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DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
7/27/2004 17:45 0.94 112.1 93.3 2640.71 113.30 2.09 47.67 42,903
7/27/2004 18:00 1.07 102.8 86.2 2440.80 114.53 2.22 52.14 46,923
7/27/2004 18:15 1.17 106.1 88.7 2511.73 125.90 2.32 55.69 50,124
7/27/2004 18:30 1.22 105.2 88.0 2492.39 129.00 2.37 57.51 51,759
7/27/2004 18:45 1.23 112.3 93.4 2645.01 137.78 2.38 57.88 52,089
7/27/2004 19:00 1.22 71.2 62.2 1761.51 91.17 2.37 57.51 51,759
7/27/2004 19:15 1.2 157.4 127.6 3614.50 184.71 2.35 56.78 51,102
7/27/2004 19:30 1.18 109.15 91.0 2577.30 130.02 2.33 56.05 50,449
7/27/2004 19:45 1.17 60.9 54.4 1540.10 77.20 2.32 55.69 50,124
7/27/2004 20:00 1.17 78.9 68.1 1927.03 96.59 2.32 55.69 50,124
7/27/2004 20:15 1.18 55.5 50.3 1424.02 71.84 2.33 56.05 50,449
7/27/2004 20:30 1.2 66.8 58.9 1666.92 85.18 2.35 56.78 51,102
7/27/2004 20:45 1.23 66.7 58.8 1664.78 86.72 2.38 57.88 52,089
7/27/2004 21:00 1.3 71.1 62.1 1759.36 95.75 2.45 60.47 54,424
7/27/2004 21:15 1.43 114.3 94.9 2688.01 158.28 2.58 65.43 58,883
7/27/2004 21:30 1.6 159.9 129.5 3668.24 238.26 2.75 72.17 64,952
7/27/2004 21:45 1.77 248.5 196.8 5572.83 397.30 2.92 79.21 71,292
7/27/2004 22:00 1.93 227.7 181.0 5125.70 397.27 3.08 86.12 77,506
7/27/2004 22:15 2.01 197.1 157.8 4467.91 360.58 3.16 89.67 80,703
7/27/2004 22:30 2.11 183.8 147.7 4182.01 354.57 3.26 94.20 84,784
7/27/2004 22:45 2.17 168.3 135.9 3848.81 335.91 3.32 96.97 87,277
7/27/2004 23:00 2.22 150.6 122.5 3468.33 310.00 3.37 99.31 89,381
7/27/2004 23:15 2.26 144 117.5 3326.45 302.98 3.41 101.20 91,081
7/27/2004 23:30 2.28 135.2 110.8 3137.28 288.43 3.43 102.15 91,936
7/27/2004 23:45 2.28 128 105.3 2982.51 274.20 3.43 102.15 91,936
7/28/2004 0:00 2.28 120.4 99.6 2819.13 259.18 3.43 102.15 91,936
7/28/2004 0:15 2.26 109.1 91.0 2576.22 234.64 3.41 101.20 91,081
7/28/2004 0:30 2.23 105.4 88.2 2496.69 224.21 3.38 99.78 89,804
7/28/2004 0:45 2.18 101.8 85.4 2419.30 212.16 3.33 97.44 87,696
7/28/2004 1:00 2.12 95.2 80.4 2277.42 194.03 3.27 94.66 85,197
7/28/2004 1:15 2.07 87 74.2 2101.15 174.69 3.22 92.38 83,140
7/28/2004 1:30 2.01 83.8 71.8 2032.36 164.02 3.16 89.67 80,703
7/28/2004 1:45 1.96 80.2 69.0 1954.98 153.85 3.11 87.44 78,698
7/28/2004 2:00 1.89 77.6 67.1 1899.09 144.20 3.04 84.37 75,930
7/28/2004 2:15 1.84 75 65.1 1843.20 136.36 2.99 82.20 73,981
7/28/2004 2:30 1.78 75 65.1 1843.20 132.11 2.93 79.64 71,673
7/28/2004 2:45 1.74 75.2 65.2 1847.49 129.61 2.89 77.95 70,153
7/28/2004 3:00 1.7 73.4 63.9 1808.80 124.17 2.85 76.28 68,648
7/28/2004 3:15 1.65 73.5 64.0 1810.95 120.95 2.8 74.21 66,788
7/28/2004 3:30 1.61 72.4 63.1 1787.30 116.74 2.76 72.57 65,317
7/28/2004 3:45 1.58 67.6 59.5 1684.12 108.16 2.73 71.36 64,224
7/28/2004 4:00 1.54 63.7 56.5 1600.29 100.46 2.69 69.75 62,779
7/28/2004 4:15 1.51 57.9 52.1 1475.61 91.05 2.66 68.56 61,705
7/28/2004 4:30 1.48 56.4 51.0 1443.36 87.52 2.63 67.38 60,640
7/28/2004 4:45 1.45 52.7 48.2 1363.83 81.26 2.6 66.20 59,583
Storm 5 (Downstream, Pre-Construction)
 125
DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
Storm 5 (Downstream, Pre-Construction)
7/28/2004 5:00 1.42 49 45.4 1284.29 75.17 2.57 65.04 58,534
7/28/2004 5:15 1.39 45.9 43.0 1217.65 70.01 2.54 63.88 57,494
7/28/2004 5:30 1.37 42.6 40.5 1146.71 65.14 2.52 63.12 56,805
7/28/2004 5:45 1.34 41.8 39.9 1129.51 63.00 2.49 61.98 55,779
7/28/2004 6:00 1.32 39.8 38.4 1086.52 59.87 2.47 61.22 55,100
7/28/2004 6:15 1.3 38 37.0 1047.83 57.03 2.45 60.47 54,424
7/28/2004 6:30 1.28 36 35.5 1004.83 54.01 2.43 59.72 53,752
7/28/2004 6:45 1.26 34.5 34.3 972.59 51.63 2.41 58.98 53,084
7/28/2004 7:00 1.24 33.5 33.6 951.09 49.86 2.39 58.24 52,420
7/28/2004 7:15 1.22 31.1 31.8 899.50 46.56 2.37 57.51 51,759
7/28/2004 7:30 1.21 30.6 31.4 888.75 45.71 2.36 57.14 51,430
7/28/2004 7:45 1.19 29.3 30.4 860.81 43.71 2.34 56.42 50,775
7/28/2004 8:00 1.17 27.8 29.3 828.56 41.53 2.32 55.69 50,124
7/28/2004 8:15 1.16 26.6 28.3 802.77 39.98 2.31 55.33 49,799
7/28/2004 8:30 1.14 26 27.9 789.87 38.83 2.29 54.62 49,154
7/28/2004 8:45 1.13 24.6 26.8 759.78 37.10 2.28 54.26 48,832
7/28/2004 9:00 1.11 23.3 25.8 731.83 35.27 2.26 53.55 48,192
7/28/2004 9:15 1.1 22.4 25.2 712.48 34.11 2.25 53.19 47,874
7/28/2004 9:30 1.09 22.2 25.0 708.18 33.68 2.24 52.84 47,556
7/28/2004 9:45 1.07 21.2 24.3 686.69 32.22 2.22 52.14 46,923
7/28/2004 10:00 1.06 20.6 23.8 673.79 31.40 2.21 51.79 46,609
7/28/2004 10:15 1.05 19.4 22.9 647.99 30.00 2.2 51.44 46,295
7/28/2004 10:30 1.04 19.2 22.7 643.69 29.60 2.19 51.09 45,982
7/28/2004 10:45 1.02 18.5 22.2 628.65 28.51 2.17 50.40 45,358
7/28/2004 11:00 1.02 17 21.1 596.40 27.05 2.17 50.40 45,358
7/28/2004 11:15 1 16.9 21.0 594.25 26.59 2.15 49.71 44,739
7/28/2004 11:30 0.99 15.6 20.0 566.31 25.16 2.14 49.37 44,431
7/28/2004 11:45 0.98 15.6 20.0 566.31 24.99 2.13 49.03 44,123
7/28/2004 12:00 0.96 15.2 19.7 557.71 24.27 2.11 48.35 43,511
7/28/2004 12:15 0.95 14.9 19.5 551.26 23.82 2.1 48.01 43,207
7/28/2004 12:30 0.93 14.3 19.0 538.36 22.93 2.08 47.33 42,601
7/28/2004 12:45 0.92 14.7 19.3 546.96 23.14 2.07 47.00 42,299
7/28/2004 13:00 0.9 13.8 18.6 527.61 22.00 2.05 46.33 41,698
7/28/2004 13:15 0.89 13.1 18.1 512.57 21.22 2.04 46.00 41,399
7/28/2004 13:30 0.88 12.6 17.7 501.82 20.63 2.03 45.67 41,101
7/28/2004 13:45 0.86 12.3 17.5 495.37 20.07 2.01 45.01 40,508
7/28/2004 14:00 0.85 12.6 17.7 501.82 20.18 2 44.68 40,213
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DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
12/1/2004 9:15 0.9 136.9 112.1 3173.82 132.34 2.05 46.33 41,698
12/1/2004 9:30 1.04 180.6 145.3 4113.22 189.13 2.19 51.09 45,982
12/1/2004 9:45 1.22 201.2 160.9 4556.05 235.82 2.37 57.51 51,759
12/1/2004 10:00 1.42 191.7 153.7 4351.83 254.73 2.57 65.04 58,534
12/1/2004 10:15 1.66 215.6 171.8 4865.59 326.77 2.81 74.62 67,159
12/1/2004 10:30 1.91 247.3 195.9 5547.03 425.55 3.06 85.24 76,717
12/1/2004 10:45 2.17 287.9 226.7 6419.79 560.30 3.32 96.98 87,278
12/1/2004 11:00 2.49 329.8 258.5 7320.49 740.43 3.64 112.38 101,145
12/1/2004 11:15 2.73 404.4 315.2 8924.12 1001.06 3.88 124.64 112,175
12/1/2004 11:30 3.01 475.1 368.8 10443.92 1313.07 4.16 139.69 125,725
12/1/2004 11:45 3.2 539.4 417.6 11826.14 1600.53 4.35 150.38 135,338
12/1/2004 12:00 3.24 451.2 350.7 9930.15 1364.46 4.39 152.67 137,405
12/1/2004 12:15 3.26 533.5 413.2 11699.31 1619.70 4.41 153.83 138,444
12/1/2004 12:30 3.3 432 336.1 9517.42 1337.52 4.45 156.15 140,534
12/1/2004 12:45 3.31 419.3 326.5 9244.42 1304.00 4.46 156.73 141,058
12/1/2004 13:00 3.3 404.8 315.5 8932.72 1255.35 4.45 156.15 140,534
12/1/2004 13:15 3.26 390.2 304.4 8618.87 1193.23 4.41 153.83 138,444
12/1/2004 13:30 3.22 372.4 290.9 8236.23 1123.17 4.37 151.52 136,370
12/1/2004 13:45 3.19 348.6 272.8 7724.62 1041.46 4.34 149.80 134,824
12/1/2004 14:00 3.14 367.6 287.2 8133.05 1075.73 4.29 146.96 132,266
12/1/2004 14:15 3.1 326.1 255.7 7240.95 943.04 4.25 144.71 130,237
12/1/2004 14:30 3.03 287.2 226.2 6404.74 811.62 4.18 140.80 126,721
12/1/2004 14:45 2.99 303.8 238.8 6761.58 843.39 4.14 138.59 124,733
12/1/2004 15:00 2.94 282.7 222.8 6308.00 771.27 4.09 135.85 122,269
12/1/2004 15:15 2.89 237.6 188.5 5338.52 639.70 4.04 133.14 119,828
12/1/2004 15:30 2.84 247.4 196.0 5549.18 651.53 3.99 130.46 117,411
12/1/2004 15:45 2.79 235.5 186.9 5293.37 608.83 3.94 127.80 115,017
12/1/2004 16:00 2.74 213.5 170.2 4820.45 543.01 3.89 125.16 112,646
12/1/2004 16:15 2.68 226.6 180.2 5102.05 560.37 3.83 122.04 109,833
12/1/2004 16:30 2.63 214.4 170.9 4839.80 520.34 3.78 119.46 107,514
12/1/2004 16:45 2.59 192.3 154.1 4364.73 461.24 3.74 117.42 105,675
12/1/2004 17:00 2.54 197.2 157.9 4470.06 462.20 3.69 114.89 103,399
12/1/2004 17:15 2.49 182.8 146.9 4160.51 420.82 3.64 112.38 101,145
12/1/2004 17:30 2.43 175.5 141.4 4003.59 394.24 3.58 109.41 98,472
12/1/2004 17:45 2.38 170.2 137.4 3889.66 374.46 3.53 106.97 96,270
12/1/2004 18:00 2.34 176.2 141.9 4018.63 379.86 3.49 105.03 94,525
12/1/2004 18:15 2.29 156.4 126.9 3593.01 331.87 3.44 102.63 92,366
12/1/2004 18:30 2.24 149.8 121.9 3451.13 311.39 3.39 100.25 90,229
12/1/2004 18:45 2.2 139.9 114.4 3238.31 286.71 3.35 98.37 88,537
12/1/2004 19:00 2.15 134 109.9 3111.49 268.97 3.3 96.05 86,443
12/1/2004 19:15 2.11 136.1 111.5 3156.63 267.63 3.26 94.20 84,784
12/1/2004 19:30 2.08 125.9 103.7 2937.36 245.42 3.23 92.83 83,550
12/1/2004 19:45 2.04 119.5 98.9 2799.79 229.35 3.19 91.02 81,918
12/1/2004 20:00 2 113.5 94.3 2670.81 214.47 3.15 89.22 80,301
12/1/2004 20:15 1.96 113.5 94.3 2670.81 210.19 3.11 87.44 78,698
Storm 6 (Downstream, Post-Construction)
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DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
Storm 6 (Downstream, Post-Construction)
12/1/2004 20:30 1.93 107.1 89.5 2533.23 196.34 3.08 86.12 77,506
12/1/2004 20:45 1.91 102.6 86.0 2436.50 186.92 3.06 85.24 76,717
12/1/2004 21:00 1.88 102.7 86.1 2438.65 184.21 3.03 83.93 75,539
12/1/2004 21:15 1.84 96.2 81.2 2298.92 170.08 2.99 82.20 73,981
12/1/2004 21:30 1.81 94.4 79.8 2260.23 164.60 2.96 80.91 72,823
12/1/2004 21:45 1.79 88.5 75.3 2133.40 153.72 2.94 80.06 72,056
12/1/2004 22:00 1.78 85.1 72.8 2060.31 147.67 2.93 79.64 71,674
12/1/2004 22:15 1.75 86.2 73.6 2083.96 146.99 2.9 78.37 70,532
12/1/2004 22:30 1.72 83.7 71.7 2030.21 140.90 2.87 77.11 69,399
12/1/2004 22:45 1.7 82 70.4 1993.67 136.86 2.85 76.28 68,649
12/1/2004 23:00 1.68 81.7 70.2 1987.22 134.94 2.83 75.45 67,902
12/1/2004 23:15 1.66 80.4 69.2 1959.28 131.58 2.81 74.62 67,159
12/1/2004 23:30 1.65 80 68.9 1950.68 130.28 2.8 74.21 66,789
12/1/2004 23:45 1.63 78 67.4 1907.68 126.00 2.78 73.39 66,051
12/2/2004 0:00 1.61 75.9 65.8 1862.54 121.66 2.76 72.58 65,318
12/2/2004 0:15 1.58 73.5 64.0 1810.95 116.31 2.73 71.36 64,224
12/2/2004 0:30 1.56 73.4 63.9 1808.80 114.86 2.71 70.56 63,500
12/2/2004 0:45 1.54 72.1 62.9 1780.86 111.80 2.69 69.75 62,779
12/2/2004 1:00 1.52 74.4 64.6 1830.30 113.59 2.67 68.96 62,062
12/2/2004 1:15 1.51 73.9 64.3 1819.55 112.28 2.66 68.56 61,705
12/2/2004 1:30 1.49 74.7 64.9 1836.75 112.03 2.64 67.77 60,994
12/2/2004 1:45 1.46 70.9 62.0 1755.06 105.19 2.61 66.59 59,934
12/2/2004 2:00 1.44 72.5 63.2 1789.45 105.99 2.59 65.81 59,232
12/2/2004 2:15 1.43 69.6 61.0 1727.11 101.70 2.58 65.43 58,883
12/2/2004 2:30 1.42 69.2 60.7 1718.52 100.59 2.57 65.04 58,534
12/2/2004 2:45 1.4 70.7 61.8 1750.76 101.26 2.55 64.27 57,840
12/2/2004 3:00 1.39 68.1 59.9 1694.87 97.44 2.54 63.88 57,494
12/2/2004 3:15 1.37 69.2 60.7 1718.52 97.62 2.52 63.12 56,805
12/2/2004 3:30 1.36 66.1 58.3 1651.88 93.27 2.51 62.74 56,462
12/2/2004 3:45 1.33 64.7 57.3 1621.78 89.91 2.48 61.60 55,439
12/2/2004 4:00 1.32 64.8 57.3 1623.93 89.48 2.47 61.22 55,100
12/2/2004 4:15 1.31 63.5 56.4 1595.99 87.40 2.46 60.85 54,762
12/2/2004 4:30 1.29 66.4 58.6 1658.33 89.70 2.44 60.10 54,088
12/2/2004 4:45 1.27 64.2 56.9 1611.03 86.06 2.42 59.35 53,418
12/2/2004 5:00 1.26 63.7 56.5 1600.29 84.95 2.41 58.98 53,084
12/2/2004 5:15 1.24 61.8 55.1 1559.44 81.75 2.39 58.24 52,420
12/2/2004 5:30 1.23 60.4 54.0 1529.35 79.66 2.38 57.88 52,089
12/2/2004 5:45 1.21 58.9 52.9 1497.10 77.00 2.36 57.14 51,430
12/2/2004 6:00 1.21 60.4 54.0 1529.35 78.65 2.36 57.14 51,430
12/2/2004 6:15 1.2 57 51.4 1456.26 74.42 2.35 56.78 51,102
12/2/2004 6:30 1.18 58.8 52.8 1494.95 75.42 2.33 56.05 50,449
12/2/2004 6:45 1.17 56.6 51.1 1447.66 72.56 2.32 55.69 50,124
12/2/2004 7:00 1.16 55.6 50.4 1426.16 71.02 2.31 55.33 49,800
12/2/2004 7:15 1.15 58.1 52.3 1479.91 73.22 2.3 54.97 49,476
12/2/2004 7:30 1.13 54.5 49.5 1402.52 68.49 2.28 54.26 48,833
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DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
Storm 6 (Downstream, Post-Construction)
12/2/2004 7:45 1.13 53.7 48.9 1385.32 67.65 2.28 54.26 48,833
12/2/2004 8:00 1.13 52.4 47.9 1357.38 66.28 2.28 54.26 48,833
12/2/2004 8:15 1.12 52.2 47.8 1353.08 65.64 2.27 53.90 48,512
12/2/2004 8:30 1.1 51.6 47.3 1340.18 64.16 2.25 53.19 47,874
12/2/2004 8:45 1.1 52 47.6 1348.78 64.57 2.25 53.19 47,874
12/2/2004 9:00 1.09 53.2 48.5 1374.57 65.37 2.24 52.84 47,556
12/2/2004 9:15 1.08 49.8 46.0 1301.49 61.48 2.23 52.49 47,239
12/2/2004 9:30 1.07 47.7 44.4 1256.34 58.95 2.22 52.14 46,924
12/2/2004 9:45 1.06 48.4 44.9 1271.39 59.26 2.21 51.79 46,609
12/2/2004 10:00 1.05 46.5 43.5 1230.55 56.97 2.2 51.44 46,295
12/2/2004 10:15 1.05 46.3 43.3 1226.25 56.77 2.2 51.44 46,295
12/2/2004 10:30 1.04 46.8 43.7 1237.00 56.88 2.19 51.09 45,982
12/2/2004 10:45 1.03 44.7 42.1 1191.85 54.43 2.18 50.74 45,670
12/2/2004 11:00 1.02 44.4 41.9 1185.40 53.77 2.17 50.40 45,359
12/2/2004 11:15 1.02 43.2 41.0 1159.61 52.60 2.17 50.40 45,359
12/2/2004 11:30 1.01 42.1 40.1 1135.96 51.17 2.16 50.05 45,048
12/2/2004 11:45 1 41.7 39.8 1127.36 50.44 2.15 49.71 44,739
12/2/2004 12:00 0.98 40.8 39.1 1108.02 48.89 2.13 49.03 44,124
12/2/2004 12:15 0.97 40.5 38.9 1101.57 48.27 2.12 48.69 43,817
12/2/2004 12:30 0.95 39.9 38.4 1088.67 47.04 2.1 48.01 43,207
12/2/2004 12:45 0.93 38.3 37.2 1054.28 44.91 2.08 47.33 42,601
12/2/2004 13:00 0.92 38.6 37.5 1060.73 44.87 2.07 47.00 42,299
12/2/2004 13:15 0.9 38.4 37.3 1056.43 44.05 2.05 46.33 41,698
12/2/2004 13:30 0.89 36.8 36.1 1022.03 42.31 2.04 46.00 41,399
12/2/2004 13:45 0.87 36.4 35.8 1013.43 41.35 2.02 45.34 40,804
12/2/2004 14:00 0.85 35.2 34.9 987.64 39.72 2 44.68 40,213
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DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
12/1/2004 9:15 0.9 136.9 112.1 3173.82 132.34 2.05 46.33 41,698
12/1/2004 9:30 1.04 180.6 145.3 4113.22 189.13 2.19 51.09 45,982
12/1/2004 9:45 1.22 201.2 160.9 4556.05 235.82 2.37 57.51 51,759
12/1/2004 10:00 1.42 191.7 153.7 4351.83 254.73 2.57 65.04 58,534
12/1/2004 10:15 1.66 215.6 171.8 4865.59 326.77 2.81 74.62 67,159
12/1/2004 10:30 1.91 247.3 195.9 5547.03 425.55 3.06 85.24 76,717
12/1/2004 10:45 2.17 287.9 226.7 6419.79 560.30 3.32 96.98 87,278
12/1/2004 11:00 2.49 329.8 258.5 7320.49 740.43 3.64 112.38 101,145
12/1/2004 11:15 2.73 404.4 315.2 8924.12 1001.06 3.88 124.64 112,175
12/1/2004 11:30 3.01 475.1 368.8 10443.92 1313.07 4.16 139.69 125,725
12/1/2004 11:45 3.2 539.4 417.6 11826.14 1600.53 4.35 150.38 135,338
12/1/2004 12:00 3.24 451.2 350.7 9930.15 1364.46 4.39 152.67 137,405
12/1/2004 12:15 3.26 533.5 413.2 11699.31 1619.70 4.41 153.83 138,444
12/1/2004 12:30 3.3 432 336.1 9517.42 1337.52 4.45 156.15 140,534
12/1/2004 12:45 3.31 419.3 326.5 9244.42 1304.00 4.46 156.73 141,058
12/1/2004 13:00 3.3 404.8 315.5 8932.72 1255.35 4.45 156.15 140,534
12/1/2004 13:15 3.26 390.2 304.4 8618.87 1193.23 4.41 153.83 138,444
12/1/2004 13:30 3.22 372.4 290.9 8236.23 1123.17 4.37 151.52 136,370
12/1/2004 13:45 3.19 348.6 272.8 7724.62 1041.46 4.34 149.80 134,824
12/1/2004 14:00 3.14 367.6 287.2 8133.05 1075.73 4.29 146.96 132,266
12/1/2004 14:15 3.1 326.1 255.7 7240.95 943.04 4.25 144.71 130,237
12/1/2004 14:30 3.03 287.2 226.2 6404.74 811.62 4.18 140.80 126,721
12/1/2004 14:45 2.99 303.8 238.8 6761.58 843.39 4.14 138.59 124,733
12/1/2004 15:00 2.94 282.7 222.8 6308.00 771.27 4.09 135.85 122,269
12/1/2004 15:15 2.89 237.6 188.5 5338.52 639.70 4.04 133.14 119,828
12/1/2004 15:30 2.84 247.4 196.0 5549.18 651.53 3.99 130.46 117,411
12/1/2004 15:45 2.79 235.5 186.9 5293.37 608.83 3.94 127.80 115,017
12/1/2004 16:00 2.74 213.5 170.2 4820.45 543.01 3.89 125.16 112,646
12/1/2004 16:15 2.68 226.6 180.2 5102.05 560.37 3.83 122.04 109,833
12/1/2004 16:30 2.63 214.4 170.9 4839.80 520.34 3.78 119.46 107,514
12/1/2004 16:45 2.59 192.3 154.1 4364.73 461.24 3.74 117.42 105,675
12/1/2004 17:00 2.54 197.2 157.9 4470.06 462.20 3.69 114.89 103,399
12/1/2004 17:15 2.49 182.8 146.9 4160.51 420.82 3.64 112.38 101,145
12/1/2004 17:30 2.43 175.5 141.4 4003.59 394.24 3.58 109.41 98,472
12/1/2004 17:45 2.38 170.2 137.4 3889.66 374.46 3.53 106.97 96,270
12/1/2004 18:00 2.34 176.2 141.9 4018.63 379.86 3.49 105.03 94,525
12/1/2004 18:15 2.29 156.4 126.9 3593.01 331.87 3.44 102.63 92,366
12/1/2004 18:30 2.24 149.8 121.9 3451.13 311.39 3.39 100.25 90,229
12/1/2004 18:45 2.2 139.9 114.4 3238.31 286.71 3.35 98.37 88,537
12/1/2004 19:00 2.15 134 109.9 3111.49 268.97 3.3 96.05 86,443
12/1/2004 19:15 2.11 136.1 111.5 3156.63 267.63 3.26 94.20 84,784
12/1/2004 19:30 2.08 125.9 103.7 2937.36 245.42 3.23 92.83 83,550
12/1/2004 19:45 2.04 119.5 98.9 2799.79 229.35 3.19 91.02 81,918
12/1/2004 20:00 2 113.5 94.3 2670.81 214.47 3.15 89.22 80,301
12/1/2004 20:15 1.96 113.5 94.3 2670.81 210.19 3.11 87.44 78,698
Storm 6 (Downstream, Post-Construction)
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M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
Storm 6 (Downstream, Post-Construction)
12/1/2004 20:30 1.93 107.1 89.5 2533.23 196.34 3.08 86.12 77,506
12/1/2004 20:45 1.91 102.6 86.0 2436.50 186.92 3.06 85.24 76,717
12/1/2004 21:00 1.88 102.7 86.1 2438.65 184.21 3.03 83.93 75,539
12/1/2004 21:15 1.84 96.2 81.2 2298.92 170.08 2.99 82.20 73,981
12/1/2004 21:30 1.81 94.4 79.8 2260.23 164.60 2.96 80.91 72,823
12/1/2004 21:45 1.79 88.5 75.3 2133.40 153.72 2.94 80.06 72,056
12/1/2004 22:00 1.78 85.1 72.8 2060.31 147.67 2.93 79.64 71,674
12/1/2004 22:15 1.75 86.2 73.6 2083.96 146.99 2.9 78.37 70,532
12/1/2004 22:30 1.72 83.7 71.7 2030.21 140.90 2.87 77.11 69,399
12/1/2004 22:45 1.7 82 70.4 1993.67 136.86 2.85 76.28 68,649
12/1/2004 23:00 1.68 81.7 70.2 1987.22 134.94 2.83 75.45 67,902
12/1/2004 23:15 1.66 80.4 69.2 1959.28 131.58 2.81 74.62 67,159
12/1/2004 23:30 1.65 80 68.9 1950.68 130.28 2.8 74.21 66,789
12/1/2004 23:45 1.63 78 67.4 1907.68 126.00 2.78 73.39 66,051
12/2/2004 0:00 1.61 75.9 65.8 1862.54 121.66 2.76 72.58 65,318
12/2/2004 0:15 1.58 73.5 64.0 1810.95 116.31 2.73 71.36 64,224
12/2/2004 0:30 1.56 73.4 63.9 1808.80 114.86 2.71 70.56 63,500
12/2/2004 0:45 1.54 72.1 62.9 1780.86 111.80 2.69 69.75 62,779
12/2/2004 1:00 1.52 74.4 64.6 1830.30 113.59 2.67 68.96 62,062
12/2/2004 1:15 1.51 73.9 64.3 1819.55 112.28 2.66 68.56 61,705
12/2/2004 1:30 1.49 74.7 64.9 1836.75 112.03 2.64 67.77 60,994
12/2/2004 1:45 1.46 70.9 62.0 1755.06 105.19 2.61 66.59 59,934
12/2/2004 2:00 1.44 72.5 63.2 1789.45 105.99 2.59 65.81 59,232
12/2/2004 2:15 1.43 69.6 61.0 1727.11 101.70 2.58 65.43 58,883
12/2/2004 2:30 1.42 69.2 60.7 1718.52 100.59 2.57 65.04 58,534
12/2/2004 2:45 1.4 70.7 61.8 1750.76 101.26 2.55 64.27 57,840
12/2/2004 3:00 1.39 68.1 59.9 1694.87 97.44 2.54 63.88 57,494
12/2/2004 3:15 1.37 69.2 60.7 1718.52 97.62 2.52 63.12 56,805
12/2/2004 3:30 1.36 66.1 58.3 1651.88 93.27 2.51 62.74 56,462
12/2/2004 3:45 1.33 64.7 57.3 1621.78 89.91 2.48 61.60 55,439
12/2/2004 4:00 1.32 64.8 57.3 1623.93 89.48 2.47 61.22 55,100
12/2/2004 4:15 1.31 63.5 56.4 1595.99 87.40 2.46 60.85 54,762
12/2/2004 4:30 1.29 66.4 58.6 1658.33 89.70 2.44 60.10 54,088
12/2/2004 4:45 1.27 64.2 56.9 1611.03 86.06 2.42 59.35 53,418
12/2/2004 5:00 1.26 63.7 56.5 1600.29 84.95 2.41 58.98 53,084
12/2/2004 5:15 1.24 61.8 55.1 1559.44 81.75 2.39 58.24 52,420
12/2/2004 5:30 1.23 60.4 54.0 1529.35 79.66 2.38 57.88 52,089
12/2/2004 5:45 1.21 58.9 52.9 1497.10 77.00 2.36 57.14 51,430
12/2/2004 6:00 1.21 60.4 54.0 1529.35 78.65 2.36 57.14 51,430
12/2/2004 6:15 1.2 57 51.4 1456.26 74.42 2.35 56.78 51,102
12/2/2004 6:30 1.18 58.8 52.8 1494.95 75.42 2.33 56.05 50,449
12/2/2004 6:45 1.17 56.6 51.1 1447.66 72.56 2.32 55.69 50,124
12/2/2004 7:00 1.16 55.6 50.4 1426.16 71.02 2.31 55.33 49,800
12/2/2004 7:15 1.15 58.1 52.3 1479.91 73.22 2.3 54.97 49,476
12/2/2004 7:30 1.13 54.5 49.5 1402.52 68.49 2.28 54.26 48,833
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M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
Storm 6 (Downstream, Post-Construction)
12/2/2004 7:45 1.13 53.7 48.9 1385.32 67.65 2.28 54.26 48,833
12/2/2004 8:00 1.13 52.4 47.9 1357.38 66.28 2.28 54.26 48,833
12/2/2004 8:15 1.12 52.2 47.8 1353.08 65.64 2.27 53.90 48,512
12/2/2004 8:30 1.1 51.6 47.3 1340.18 64.16 2.25 53.19 47,874
12/2/2004 8:45 1.1 52 47.6 1348.78 64.57 2.25 53.19 47,874
12/2/2004 9:00 1.09 53.2 48.5 1374.57 65.37 2.24 52.84 47,556
12/2/2004 9:15 1.08 49.8 46.0 1301.49 61.48 2.23 52.49 47,239
12/2/2004 9:30 1.07 47.7 44.4 1256.34 58.95 2.22 52.14 46,924
12/2/2004 9:45 1.06 48.4 44.9 1271.39 59.26 2.21 51.79 46,609
12/2/2004 10:00 1.05 46.5 43.5 1230.55 56.97 2.2 51.44 46,295
12/2/2004 10:15 1.05 46.3 43.3 1226.25 56.77 2.2 51.44 46,295
12/2/2004 10:30 1.04 46.8 43.7 1237.00 56.88 2.19 51.09 45,982
12/2/2004 10:45 1.03 44.7 42.1 1191.85 54.43 2.18 50.74 45,670
12/2/2004 11:00 1.02 44.4 41.9 1185.40 53.77 2.17 50.40 45,359
12/2/2004 11:15 1.02 43.2 41.0 1159.61 52.60 2.17 50.40 45,359
12/2/2004 11:30 1.01 42.1 40.1 1135.96 51.17 2.16 50.05 45,048
12/2/2004 11:45 1 41.7 39.8 1127.36 50.44 2.15 49.71 44,739
12/2/2004 12:00 0.98 40.8 39.1 1108.02 48.89 2.13 49.03 44,124
12/2/2004 12:15 0.97 40.5 38.9 1101.57 48.27 2.12 48.69 43,817
12/2/2004 12:30 0.95 39.9 38.4 1088.67 47.04 2.1 48.01 43,207
12/2/2004 12:45 0.93 38.3 37.2 1054.28 44.91 2.08 47.33 42,601
12/2/2004 13:00 0.92 38.6 37.5 1060.73 44.87 2.07 47.00 42,299
12/2/2004 13:15 0.9 38.4 37.3 1056.43 44.05 2.05 46.33 41,698
12/2/2004 13:30 0.89 36.8 36.1 1022.03 42.31 2.04 46.00 41,399
12/2/2004 13:45 0.87 36.4 35.8 1013.43 41.35 2.02 45.34 40,804
12/2/2004 14:00 0.85 35.2 34.9 987.64 39.72 2 44.68 40,213
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12/7/2004 13:45 0.85 82.3 70.6 2000.12 62.38 2.08 34.65 31,188
12/7/2004 14:00 1.05 89.6 76.2 2157.04 79.85 2.28 41.13 37,018
12/7/2004 14:15 1.14 106.8 89.2 2526.78 100.58 2.37 44.23 39,804
12/7/2004 14:30 1.18 143.6 117.2 3317.85 136.28 2.41 45.64 41,075
12/7/2004 14:45 1.32 158.6 128.6 3640.30 166.28 2.55 50.75 45,678
12/7/2004 15:00 1.46 150.5 122.4 3466.18 175.13 2.69 56.14 50,525
12/7/2004 15:15 1.63 154.1 125.1 3543.56 201.05 2.86 63.04 56,737
12/7/2004 15:30 1.82 203.9 162.9 4614.09 295.79 3.05 71.23 64,105
12/7/2004 15:45 2.05 327.9 257.1 7279.64 535.96 3.28 81.80 73,624
12/7/2004 16:00 2.26 585.0 452.3 12806.38 1061.52 3.49 92.10 82,890
12/7/2004 16:15 2.45 728.8 561.4 15897.56 1458.52 3.68 101.94 91,745
12/7/2004 16:30 2.61 698.4 538.3 15244.07 1517.53 3.84 110.61 99,549
12/7/2004 16:45 3.08 825.9 635.1 17984.87 2235.77 4.31 138.13 124,314
12/7/2004 17:00 3.38 809.2 622.5 17625.88 2495.04 4.61 157.28 141,556
12/7/2004 17:15 3.38 830.1 638.3 18075.15 2558.64 4.61 157.28 141,556
12/7/2004 17:30 3.44 801.0 616.2 17449.60 2532.61 4.67 161.26 145,138
12/7/2004 17:45 3.48 768.1 591.3 16742.37 2470.36 4.71 163.95 147,551
12/7/2004 18:00 3.53 831.4 639.3 18103.10 2726.25 4.76 167.33 150,596
12/7/2004 18:15 3.5 768.6 591.6 16753.12 2492.29 4.73 165.30 148,766
12/7/2004 18:30 3.45 622.1 480.4 13603.89 1982.63 4.68 161.93 145,740
12/7/2004 18:45 3.47 586.6 453.5 12840.77 1886.90 4.7 163.27 146,946
12/7/2004 19:00 3.41 508.0 393.8 11151.15 1598.42 4.64 159.27 143,341
12/7/2004 19:15 3.44 486.0 377.1 10678.23 1549.82 4.67 161.26 145,138
12/7/2004 19:30 3.38 447.3 347.7 9846.32 1393.80 4.61 157.28 141,556
12/7/2004 19:45 3.37 412.1 321.0 9089.64 1281.30 4.6 156.63 140,963
12/7/2004 20:00 3.34 381.2 297.5 8425.40 1172.75 4.57 154.66 139,192
12/7/2004 20:15 3.23 386.2 301.3 8532.88 1133.13 4.46 147.55 132,795
12/7/2004 20:30 3.18 336.4 263.5 7462.36 969.64 4.41 144.37 129,937
12/7/2004 20:45 3.1 322.6 253.1 7165.71 898.79 4.33 139.37 125,429
12/7/2004 21:00 3.03 294.9 232.0 6570.26 798.61 4.26 135.05 121,549
12/7/2004 21:15 2.96 282.5 222.6 6303.70 742.14 4.19 130.81 117,730
12/7/2004 21:30 2.89 256.9 203.2 5753.40 655.73 4.12 126.64 113,972
12/7/2004 21:45 2.82 245.1 194.2 5499.74 606.48 4.05 122.53 110,275
12/7/2004 22:00 2.74 232.6 184.7 5231.03 555.14 3.97 117.92 106,124
12/7/2004 22:15 2.68 212.6 169.5 4801.10 494.82 3.91 114.52 103,064
12/7/2004 22:30 2.64 206.6 165.0 4672.13 472.11 3.87 112.28 101,048
12/7/2004 22:45 2.6 202.0 161.5 4573.24 452.99 3.83 110.06 99,052
12/7/2004 23:00 2.57 190.7 152.9 4330.33 422.50 3.8 108.41 97,568
12/7/2004 23:15 2.55 180.9 145.5 4119.67 397.90 3.78 107.32 96,585
12/7/2004 23:30 2.49 179.5 144.4 4089.57 383.05 3.72 104.07 93,666
12/7/2004 23:45 2.46 176.8 142.4 4031.53 371.80 3.69 102.47 92,223
12/8/2004 0:00 2.42 175.3 141.2 3999.29 361.20 3.65 100.35 90,317
12/8/2004 0:15 2.39 174.4 140.6 3979.94 353.82 3.62 98.78 88,900
12/8/2004 0:30 2.36 176.6 142.2 4027.23 352.36 3.59 97.22 87,494
12/8/2004 0:45 2.32 172.4 139.0 3936.95 337.15 3.55 95.15 85,638
Storm 7 (Upstream, Post-Construction)
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DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
Storm 7 (Upstream, Post-Construction)
12/8/2004 1:00 2.26 177.1 142.6 4037.98 334.71 3.49 92.10 82,890
12/8/2004 1:15 2.26 177.1 142.6 4037.98 334.71 3.49 92.10 82,890
12/8/2004 1:30 2.22 181.4 145.9 4130.42 334.91 3.45 90.09 81,083
12/8/2004 1:45 2.2 178.2 143.4 4061.63 325.69 3.43 89.10 80,187
12/8/2004 2:00 2.19 187.0 150.1 4250.80 338.96 3.42 88.60 79,740
12/8/2004 2:15 2.17 183.1 147.2 4166.96 328.57 3.4 87.61 78,852
12/8/2004 2:30 2.13 179.2 144.2 4083.12 314.77 3.36 85.65 77,089
12/8/2004 2:45 2.11 177.9 143.2 4055.18 309.07 3.34 84.68 76,216
12/8/2004 3:00 2.08 177.6 143.0 4048.73 303.31 3.31 83.24 74,914
12/8/2004 3:15 2.06 174.9 140.9 3990.69 295.52 3.29 82.28 74,053
12/8/2004 3:30 2.05 179.6 144.5 4091.72 301.25 3.28 81.80 73,624
12/8/2004 3:45 2.03 177.5 142.9 4046.58 294.47 3.26 80.86 72,771
12/8/2004 4:00 2.01 175.4 141.3 4001.44 287.79 3.24 79.91 71,922
12/8/2004 4:15 1.99 173.7 140.0 3964.89 281.82 3.22 78.98 71,078
12/8/2004 4:30 1.97 172.2 138.9 3932.65 276.22 3.2 78.04 70,239
12/8/2004 4:45 1.96 168.9 136.4 3861.71 269.63 3.19 77.58 69,821
12/8/2004 5:00 1.91 165.7 133.9 3792.92 256.98 3.14 75.28 67,752
12/8/2004 5:15 1.92 161.8 131.0 3709.09 252.82 3.15 75.74 68,163
12/8/2004 5:30 1.89 158.5 128.5 3638.15 243.51 3.12 74.37 66,933
12/8/2004 5:45 1.87 159.7 129.4 3663.94 242.25 3.1 73.47 66,119
12/8/2004 6:00 1.86 154.1 125.1 3543.56 232.86 3.09 73.01 65,713
12/8/2004 6:15 1.85 150.6 122.5 3468.33 226.51 3.08 72.57 65,310
12/8/2004 6:30 1.83 148.4 120.8 3421.03 220.67 3.06 71.67 64,505
12/8/2004 6:45 1.82 143.4 117.0 3313.55 212.42 3.05 71.23 64,105
12/8/2004 7:00 1.79 140.9 115.1 3259.81 205.08 3.02 69.90 62,912
12/8/2004 7:15 1.79 138.0 112.9 3197.47 201.16 3.02 69.90 62,912
12/8/2004 7:30 1.8 134.5 110.3 3122.23 197.66 3.03 70.34 63,308
12/8/2004 7:45 1.76 312.9 245.7 6957.20 429.47 2.99 68.59 61,730
12/8/2004 8:00 1.77 129.7 106.6 3019.05 187.55 3 69.03 62,123
12/8/2004 8:15 1.78 131.8 108.2 3064.19 191.56 3.01 69.46 62,517
12/8/2004 8:30 1.77 130.4 107.1 3034.10 188.49 3 69.03 62,123
12/8/2004 8:45 1.75 127.3 104.8 2967.46 182.02 2.98 68.15 61,338
12/8/2004 9:00 1.74 123.2 101.7 2879.32 175.49 2.97 67.72 60,948
12/8/2004 9:15 1.75 123.3 101.8 2881.47 176.74 2.98 68.15 61,338
12/8/2004 9:30 1.72 120.9 99.9 2829.88 170.28 2.95 66.86 60,171
12/8/2004 9:45 1.71 121.0 100.0 2832.03 169.31 2.94 66.43 59,785
12/8/2004 10:00 1.69 115.7 96.0 2718.10 160.41 2.92 65.57 59,015
12/8/2004 10:15 1.69 113.5 94.3 2670.81 157.62 2.92 65.57 59,015
12/8/2004 10:30 1.68 113.5 94.3 2670.81 156.60 2.91 65.15 58,633
12/8/2004 10:45 1.66 107.9 90.1 2550.43 147.59 2.89 64.30 57,871
12/8/2004 11:00 1.65 104.4 87.4 2475.19 142.30 2.88 63.88 57,491
12/8/2004 11:15 1.63 103.6 86.8 2457.99 139.46 2.86 63.04 56,737
12/8/2004 11:30 1.62 100.4 84.4 2389.20 134.66 2.85 62.62 56,362
12/8/2004 11:45 1.6 99.0 83.3 2359.11 131.20 2.83 61.79 55,615
12/8/2004 12:00 1.58 98.2 82.7 2341.91 128.51 2.81 60.97 54,873
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M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
Storm 7 (Upstream, Post-Construction)
12/8/2004 12:15 1.57 94.5 79.9 2262.38 123.31 2.8 60.56 54,503
12/8/2004 12:30 1.57 93.8 79.4 2247.33 122.49 2.8 60.56 54,503
12/8/2004 12:45 1.57 91.4 77.5 2195.74 119.68 2.8 60.56 54,503
12/8/2004 13:00 1.54 90.3 76.7 2172.09 116.00 2.77 59.34 53,403
12/8/2004 13:15 1.53 86.6 73.9 2092.55 110.99 2.76 58.93 53,039
12/8/2004 13:30 1.48 85.9 73.4 2077.51 106.44 2.71 56.93 51,237
12/8/2004 13:45 1.47 84.4 72.2 2045.26 104.06 2.7 56.53 50,880
12/8/2004 14:00 1.45 82.5 70.8 2004.42 100.56 2.68 55.74 50,170
12/8/2004 14:15 1.45 78.7 67.9 1922.73 96.46 2.68 55.74 50,170
12/8/2004 14:30 1.43 77.4 66.9 1894.79 93.73 2.66 54.96 49,465
12/8/2004 14:45 1.43 75.6 65.5 1856.09 91.81 2.66 54.96 49,465
12/8/2004 15:00 1.43 75.8 65.7 1860.39 92.03 2.66 54.96 49,465
12/8/2004 15:15 1.39 74.0 64.3 1821.70 87.57 2.62 53.41 48,071
12/8/2004 15:30 1.39 72.3 63.0 1785.16 85.81 2.62 53.41 48,071
12/8/2004 15:45 1.4 70.4 61.6 1744.31 84.46 2.63 53.80 48,418
12/8/2004 16:00 1.38 72.2 63.0 1783.01 85.09 2.61 53.03 47,725
12/8/2004 16:15 1.38 68.5 60.2 1703.47 81.30 2.61 53.03 47,725
12/8/2004 16:30 1.37 68.1 59.9 1694.87 80.30 2.6 52.65 47,381
12/8/2004 16:45 1.35 67.0 59.0 1671.22 78.04 2.58 51.88 46,696
12/8/2004 17:00 1.33 66.7 58.8 1664.78 76.61 2.56 51.13 46,016
12/8/2004 17:15 1.34 64.3 57.0 1613.18 74.78 2.57 51.51 46,355
12/8/2004 17:30 1.33 63.6 56.4 1598.14 73.54 2.56 51.13 46,016
12/8/2004 17:45 1.34 63.0 56.0 1585.24 73.48 2.57 51.51 46,355
12/8/2004 18:00 1.33 63.1 56.1 1587.39 73.05 2.56 51.13 46,016
12/8/2004 18:15 1.32 60.2 53.9 1525.05 69.66 2.55 50.75 45,678
12/8/2004 18:30 1.32 60.0 53.7 1520.75 69.46 2.55 50.75 45,678
12/8/2004 18:45 1.31 57.2 51.6 1460.56 66.22 2.54 50.38 45,341
12/8/2004 19:00 1.31 58.9 52.9 1497.10 67.88 2.54 50.38 45,341
12/8/2004 19:15 1.31 55.9 50.6 1432.61 64.96 2.54 50.38 45,341
12/8/2004 19:30 1.28 57.1 51.5 1458.41 64.66 2.51 49.26 44,338
12/8/2004 19:45 1.26 55.1 50.0 1415.42 61.82 2.49 48.53 43,675
12/8/2004 20:00 1.26 54.9 49.8 1411.12 61.63 2.49 48.53 43,675
12/8/2004 20:15 1.25 53.1 48.5 1372.42 59.49 2.48 48.16 43,346
12/8/2004 20:30 1.24 52.7 48.2 1363.83 58.67 2.47 47.80 43,018
12/8/2004 20:45 1.24 52.0 47.6 1348.78 58.02 2.47 47.80 43,018
12/8/2004 21:00 1.24 52.4 47.9 1357.38 58.39 2.47 47.80 43,018
12/8/2004 21:15 1.23 51.1 46.9 1329.43 56.75 2.46 47.43 42,691
12/8/2004 21:30 1.22 50.4 46.4 1314.38 55.68 2.45 47.07 42,365
12/8/2004 21:45 1.21 50.5 46.5 1316.53 55.35 2.44 46.71 42,041
12/8/2004 22:00 1.19 49.3 45.6 1290.74 53.43 2.42 45.99 41,395
12/8/2004 22:15 1.19 47.4 44.1 1249.89 51.74 2.42 45.99 41,395
12/8/2004 22:30 1.16 47.9 44.5 1260.64 50.98 2.39 44.93 40,437
12/8/2004 22:45 1.15 46.8 43.7 1237.00 49.63 2.38 44.58 40,120
12/8/2004 23:00 1.15 46.0 43.1 1219.80 48.94 2.38 44.58 40,120
12/8/2004 23:15 1.14 43.8 41.4 1172.51 46.67 2.37 44.23 39,804
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DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
Storm 7 (Upstream, Post-Construction)
12/8/2004 23:30 1.13 44.0 41.6 1176.81 46.47 2.36 43.88 39,490
12/8/2004 23:45 1.13 44.5 41.9 1187.55 46.90 2.36 43.88 39,490
12/9/2004 0:00 1.1 43.0 40.8 1155.31 44.54 2.33 42.84 38,554
12/9/2004 0:15 1.09 41.7 39.8 1127.36 43.12 2.32 42.49 38,244
12/9/2004 0:30 1.08 40.7 39.1 1105.87 41.95 2.31 42.15 37,936
12/9/2004 0:45 1.07 40.1 38.6 1092.97 41.13 2.3 41.81 37,629
12/9/2004 1:00 1.07 40.5 38.9 1101.57 41.45 2.3 41.81 37,629
12/9/2004 1:15 1.04 39.3 38.0 1075.77 39.50 2.27 40.79 36,715
12/9/2004 1:30 1.02 39.0 37.8 1069.32 38.62 2.25 40.12 36,112
12/9/2004 1:45 1.03 37.5 36.6 1037.08 37.76 2.26 40.46 36,413
12/9/2004 2:00 1.03 36.9 36.2 1024.18 37.29 2.26 40.46 36,413
12/9/2004 2:15 1.01 36.3 35.7 1011.28 36.22 2.24 39.79 35,812
12/9/2004 2:30 0.99 36.7 36.0 1019.88 35.92 2.22 39.13 35,217
12/9/2004 2:45 0.98 35.3 35.0 989.79 34.56 2.21 38.80 34,921
12/9/2004 3:00 0.96 35.4 35.0 991.94 34.06 2.19 38.15 34,333
12/9/2004 3:15 0.96 33.9 33.9 959.69 32.95 2.19 38.15 34,333
12/9/2004 3:30 0.94 34.2 34.1 966.14 32.61 2.17 37.50 33,750
12/9/2004 3:45 0.93 31.9 32.4 916.70 30.67 2.16 37.18 33,460
12/9/2004 4:00 0.91 32.8 33.1 936.05 30.78 2.14 36.54 32,885
12/9/2004 4:15 0.92 32.5 32.8 929.60 30.84 2.15 36.86 33,172
12/9/2004 4:30 0.93 31.4 32.0 905.95 30.31 2.16 37.18 33,460
12/9/2004 4:45 0.91 30.5 31.3 886.60 29.16 2.14 36.54 32,885
12/9/2004 5:00 0.9 30.0 30.9 875.86 28.55 2.13 36.22 32,599
12/9/2004 5:15 0.88 29.6 30.6 867.26 27.78 2.11 35.59 32,031
12/9/2004 5:30 0.88 29.3 30.4 860.81 27.57 2.11 35.59 32,031
12/9/2004 5:45 0.89 28.9 30.1 852.21 27.54 2.12 35.90 32,314
12/9/2004 6:00 0.88 28.7 29.9 847.91 27.16 2.11 35.59 32,031
12/9/2004 6:15 0.86 28.2 29.6 837.16 26.34 2.09 34.96 31,467
12/9/2004 6:30 0.86 27.8 29.3 828.56 26.07 2.09 34.96 31,467
12/9/2004 6:45 0.83 27.4 29.0 819.97 25.12 2.06 34.04 30,632
12/9/2004 7:00 0.83 27.7 29.2 826.41 25.31 2.06 34.04 30,632
12/9/2004 7:15 0.81 26.5 28.3 800.62 24.08 2.04 33.42 30,081
12/9/2004 7:30 0.82 26.0 27.9 789.87 23.98 2.05 33.73 30,356
12/9/2004 7:45 0.8 25.1 27.2 770.52 22.97 2.03 33.12 29,808
12/9/2004 8:00 0.81 25.3 27.4 774.82 23.31 2.04 33.42 30,081
12/9/2004 8:15 0.79 24.9 27.1 766.22 22.63 2.02 32.82 29,535
12/9/2004 8:30 0.78 24.9 27.1 766.22 22.42 2.01 32.52 29,264
12/9/2004 9:15 0.77 22.7 25.4 718.93 20.85 2 32.22 28,994
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DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
12/7/2004 16:00 1 96.5 81.4 2305.37 103.14 2.15 49.71 44,739
12/7/2004 16:15 1.18 138.1 113.0 3199.62 161.42 2.33 56.05 50,449
12/7/2004 16:30 1.37 154.7 125.6 3556.46 202.02 2.52 63.12 56,805
12/7/2004 16:45 1.64 152 123.5 3498.42 232.36 2.79 73.80 66,419
12/7/2004 17:00 1.94 152.8 124.2 3515.62 273.88 3.09 86.56 77,903
12/7/2004 17:15 2.24 175.7 141.5 4007.89 361.63 3.39 100.25 90,229
12/7/2004 17:30 2.53 293.7 231.1 6544.46 673.72 3.68 114.38 102,946
12/7/2004 17:45 2.8 417.4 325.0 9203.57 1062.95 3.95 128.33 115,493
12/7/2004 18:00 3.02 558.8 432.4 12243.17 1545.36 4.17 140.25 126,223
12/7/2004 18:15 3.21 688.1 530.5 15022.66 2040.88 4.36 150.95 135,853
12/7/2004 18:30 3.43 686.9 529.6 14996.86 2210.95 4.58 163.81 147,427
12/7/2004 18:45 3.63 697.5 537.7 15224.72 2410.72 4.78 175.94 158,342
12/7/2004 19:00 3.77 738.7 568.9 16110.38 2677.64 4.92 184.67 166,206
12/7/2004 19:15 3.89 737.4 567.9 16082.43 2783.74 5.04 192.32 173,092
12/7/2004 19:30 3.99 941.1 722.6 20461.25 3661.21 5.14 198.82 178,934
12/7/2004 19:45 4.07 799 614.7 17406.61 3197.15 5.22 204.08 183,674
12/7/2004 20:00 4.12 751.5 578.7 16385.53 3058.65 5.27 207.41 186,668
12/7/2004 20:15 4.16 665.8 513.6 14543.29 2749.84 5.31 210.09 189,079
12/7/2004 20:30 4.19 624.3 482.1 13651.18 2605.98 5.34 212.11 190,898
12/7/2004 20:45 4.2 587.3 454.0 12855.82 2461.97 5.35 212.78 191,506
12/7/2004 21:00 4.19 536.6 415.5 11765.95 2246.10 5.34 212.11 190,898
12/7/2004 21:15 4.16 500.7 388.3 10994.23 2078.78 5.31 210.09 189,079
12/7/2004 21:30 4.12 405.5 316.0 8947.77 1670.26 5.27 207.41 186,668
12/7/2004 21:45 4.05 395.4 308.3 8730.65 1593.20 5.2 202.76 182,484
12/7/2004 22:00 3.97 384.8 300.3 8502.79 1511.44 5.12 197.51 177,758
12/7/2004 22:15 3.88 358.1 280.0 7928.84 1367.83 5.03 191.68 172,513
12/7/2004 22:30 3.78 333.8 261.6 7406.47 1235.21 4.93 185.31 166,775
12/7/2004 22:45 3.68 314.7 247.1 6995.89 1127.25 4.83 179.03 161,130
12/7/2004 23:00 3.59 290.4 228.6 6473.53 1010.71 4.74 173.48 156,129
12/7/2004 23:15 3.49 262.6 207.5 5875.93 885.28 4.64 167.40 150,662
12/7/2004 23:30 3.39 244.2 193.5 5480.39 796.24 4.54 161.43 145,289
12/7/2004 23:45 3.31 240.8 191.0 5407.30 762.74 4.46 156.73 141,058
12/8/2004 0:00 3.22 225.8 179.6 5084.86 693.42 4.37 151.52 136,370
12/8/2004 0:15 3.13 211.3 168.6 4773.16 628.90 4.28 146.40 131,757
12/8/2004 0:30 3.07 203 162.3 4594.74 591.45 4.22 143.03 128,724
12/8/2004 0:45 2.99 191.1 153.2 4338.93 541.21 4.14 138.59 124,733
12/8/2004 1:00 2.92 187.1 150.2 4252.95 515.84 4.07 134.77 121,289
12/8/2004 1:15 2.85 183.5 147.5 4175.56 492.27 4 130.99 117,892
12/8/2004 1:30 2.78 178.2 143.4 4061.63 465.22 3.93 127.27 114,541
12/8/2004 1:45 2.72 177.1 142.6 4037.98 451.06 3.87 124.12 111,704
12/8/2004 2:00 2.65 175.9 141.7 4012.19 435.07 3.8 120.49 108,438
12/8/2004 2:15 2.59 174.8 140.9 3988.54 421.49 3.74 117.42 105,675
12/8/2004 2:30 2.54 177.6 143.0 4048.73 418.63 3.69 114.89 103,398
12/8/2004 2:45 2.49 176.8 142.4 4031.53 407.77 3.64 112.38 101,145
12/8/2004 3:00 2.44 177.9 143.2 4055.18 401.12 3.59 109.91 98,915
Storm 7 (Downstream, Post-Construction)
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DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
Storm 7 (Downstream, Post-Construction)
12/8/2004 3:15 2.36 185 148.6 4207.80 401.41 3.51 105.99 95,395
12/8/2004 3:30 2.32 182.2 146.5 4147.61 388.46 3.47 104.06 93,658
12/8/2004 3:45 2.27 184.5 148.2 4197.05 384.06 3.42 101.68 91,508
12/8/2004 4:00 2.23 180.2 145.0 4104.62 368.61 3.38 99.78 89,804
12/8/2004 4:15 2.19 193.9 155.4 4399.12 387.63 3.34 97.91 88,116
12/8/2004 4:30 2.16 189.3 151.9 4300.24 373.52 3.31 96.51 86,859
12/8/2004 4:45 2.12 186.7 149.9 4244.35 361.61 3.27 94.66 85,197
12/8/2004 5:00 2.09 191.3 153.4 4343.23 364.66 3.24 93.29 83,960
12/8/2004 5:15 2.06 189.3 151.9 4300.24 355.77 3.21 91.92 82,732
12/8/2004 5:30 2.03 191.8 153.8 4353.98 354.90 3.18 90.57 81,512
12/8/2004 5:45 2 186.5 149.7 4240.05 340.48 3.15 89.22 80,300
12/8/2004 6:00 1.96 183.9 147.8 4184.16 329.29 3.11 87.44 78,698
12/8/2004 6:15 1.94 182.9 147.0 4162.66 324.28 3.09 86.56 77,903
12/8/2004 6:30 1.91 181 145.6 4121.82 316.21 3.06 85.24 76,716
12/8/2004 6:45 1.88 177.6 143.0 4048.73 305.83 3.03 83.93 75,538
12/8/2004 7:00 1.86 176.6 142.2 4027.23 301.07 3.01 83.06 74,758
12/8/2004 7:15 1.84 181.3 145.8 4128.27 305.41 2.99 82.20 73,981
12/8/2004 7:30 1.82 177.6 143.0 4048.73 296.40 2.97 81.34 73,208
12/8/2004 7:45 1.8 178.5 143.7 4068.08 294.69 2.95 80.49 72,439
12/8/2004 8:00 1.78 168 135.7 3842.36 275.39 2.93 79.64 71,673
12/8/2004 8:15 1.76 164.3 132.9 3762.83 266.83 2.91 78.79 70,911
12/8/2004 8:30 1.74 158.1 128.2 3629.55 254.63 2.89 77.95 70,153
12/8/2004 8:45 1.73 160.7 130.2 3685.44 257.15 2.88 77.53 69,776
12/8/2004 9:00 1.71 155.2 126.0 3567.21 246.22 2.86 76.69 69,023
12/8/2004 9:15 1.71 150.6 122.5 3468.33 239.40 2.86 76.69 69,023
12/8/2004 9:30 1.69 149.2 121.4 3438.23 234.74 2.84 75.86 68,275
12/8/2004 9:45 1.68 147.7 120.3 3405.99 231.27 2.83 75.45 67,902
12/8/2004 10:00 1.67 139.8 114.3 3236.16 218.54 2.82 75.03 67,530
12/8/2004 10:15 1.67 141.9 115.9 3281.31 221.59 2.82 75.03 67,530
12/8/2004 10:30 1.66 140 114.4 3240.46 217.62 2.81 74.62 67,159
12/8/2004 10:45 1.65 134.8 110.5 3128.68 208.96 2.8 74.21 66,788
12/8/2004 11:00 1.63 132.2 108.5 3072.79 202.96 2.78 73.39 66,051
12/8/2004 11:15 1.62 125.7 103.6 2933.06 192.65 2.77 72.98 65,684
12/8/2004 11:30 1.59 130.9 107.5 3044.85 196.66 2.74 71.76 64,587
12/8/2004 11:45 1.56 128.6 105.8 2995.40 190.21 2.71 70.55 63,499
12/8/2004 12:00 1.54 121.5 100.4 2842.78 178.47 2.69 69.75 62,779
12/8/2004 12:15 1.52 121.5 100.4 2842.78 176.43 2.67 68.96 62,062
12/8/2004 12:30 1.51 119.2 98.6 2793.34 172.36 2.66 68.56 61,705
12/8/2004 12:45 1.49 115.9 96.1 2722.40 166.05 2.64 67.77 60,994
12/8/2004 13:00 1.48 113.3 94.2 2666.51 161.70 2.63 67.38 60,640
12/8/2004 13:15 1.46 111.4 92.7 2625.67 157.37 2.61 66.59 59,934
12/8/2004 13:30 1.46 109 90.9 2574.07 154.27 2.61 66.59 59,934
12/8/2004 13:45 1.45 104.7 87.6 2481.64 147.86 2.6 66.20 59,583
12/8/2004 14:00 1.44 106.6 89.1 2522.48 149.41 2.59 65.81 59,232
12/8/2004 14:15 1.43 102.9 86.3 2442.95 143.85 2.58 65.43 58,883
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DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
Storm 7 (Downstream, Post-Construction)
12/8/2004 14:30 1.4 100.2 84.2 2384.91 137.94 2.55 64.27 57,840
12/8/2004 14:45 1.38 95.7 80.8 2288.17 130.77 2.53 63.50 57,149
12/8/2004 15:00 1.36 95 80.3 2273.12 128.35 2.51 62.74 56,462
12/8/2004 15:15 1.35 94.7 80.0 2266.68 127.21 2.5 62.36 56,120
12/8/2004 15:30 1.33 92.8 78.6 2225.83 123.40 2.48 61.60 55,439
12/8/2004 15:45 1.32 90.5 76.9 2176.39 119.92 2.47 61.22 55,100
12/8/2004 16:00 1.32 92.9 78.7 2227.98 122.76 2.47 61.22 55,100
12/8/2004 16:15 1.3 85.9 73.4 2077.51 113.07 2.45 60.47 54,424
12/8/2004 16:30 1.29 86.4 73.7 2088.25 112.95 2.44 60.10 54,088
12/8/2004 16:45 1.28 86.1 73.5 2081.81 111.90 2.43 59.72 53,752
12/8/2004 17:00 1.27 77.1 66.7 1888.34 100.87 2.42 59.35 53,418
12/8/2004 17:15 1.26 82.7 70.9 2008.72 106.63 2.41 58.98 53,084
12/8/2004 17:30 1.25 83.3 71.4 2021.62 106.64 2.4 58.61 52,751
12/8/2004 17:45 1.24 80.5 69.3 1961.43 102.82 2.39 58.24 52,420
12/8/2004 18:00 1.22 77.3 66.8 1892.64 97.96 2.37 57.51 51,759
12/8/2004 18:15 1.22 76.6 66.3 1877.59 97.18 2.37 57.51 51,759
12/8/2004 18:30 1.21 73.7 64.1 1815.25 93.36 2.36 57.14 51,430
12/8/2004 18:45 1.21 76.7 66.4 1879.74 96.67 2.36 57.14 51,430
12/8/2004 19:00 1.21 73.4 63.9 1808.80 93.03 2.36 57.14 51,430
12/8/2004 19:15 1.2 72.1 62.9 1780.86 91.01 2.35 56.78 51,102
12/8/2004 19:30 1.19 71.8 62.7 1774.41 90.10 2.34 56.42 50,775
12/8/2004 19:45 1.2 68.7 60.3 1707.77 87.27 2.35 56.78 51,102
12/8/2004 20:00 1.19 69.5 60.9 1724.97 87.59 2.34 56.42 50,775
12/8/2004 20:15 1.18 67.7 59.6 1686.27 85.07 2.33 56.05 50,449
12/8/2004 20:30 1.17 67 59.0 1671.22 83.77 2.32 55.69 50,124
12/8/2004 20:45 1.16 64.2 56.9 1611.03 80.23 2.31 55.33 49,799
12/8/2004 21:00 1.15 66.6 58.7 1662.63 82.26 2.3 54.97 49,476
12/8/2004 21:15 1.14 62.9 55.9 1583.09 77.81 2.29 54.62 49,154
12/8/2004 21:30 1.13 63.4 56.3 1593.84 77.83 2.28 54.26 48,832
12/8/2004 21:45 1.12 61.6 54.9 1555.14 75.44 2.27 53.90 48,512
12/8/2004 22:00 1.12 60.5 54.1 1531.50 74.30 2.27 53.90 48,512
12/8/2004 22:15 1.12 59.5 53.3 1510.00 73.25 2.27 53.90 48,512
12/8/2004 22:30 1.1 59 52.9 1499.25 71.77 2.25 53.19 47,874
12/8/2004 22:45 1.09 58.2 52.3 1482.06 70.48 2.24 52.84 47,556
12/8/2004 23:00 1.08 57.7 52.0 1471.31 69.50 2.23 52.49 47,239
12/8/2004 23:15 1.07 55.2 50.1 1417.57 66.52 2.22 52.14 46,923
12/8/2004 23:30 1.05 55.8 50.5 1430.46 66.22 2.2 51.44 46,295
12/8/2004 23:45 1.04 55.1 50.0 1415.42 65.08 2.19 51.09 45,982
12/9/2004 0:00 1.03 54.8 49.8 1408.97 64.35 2.18 50.74 45,670
12/9/2004 0:15 1.02 53.2 48.5 1374.57 62.35 2.17 50.40 45,358
12/9/2004 0:30 1.02 52.6 48.1 1361.68 61.76 2.17 50.40 45,358
12/9/2004 0:45 1.01 52.9 48.3 1368.12 61.63 2.16 50.05 45,048
12/9/2004 1:00 0.97 51.2 47.0 1331.58 58.35 2.12 48.69 43,817
12/9/2004 1:15 0.96 49.9 46.0 1303.64 56.72 2.11 48.35 43,511
12/9/2004 1:30 0.98 49.8 46.0 1301.49 57.43 2.13 49.03 44,123
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DateTime Depth Turbidity Inc. SSC Inc. SSC Inc. SSC Stage Flowrate Inc. Vol.
M/D/Y feet NTU mg/L mg/cf kg feet cfs cf
Storm 7 (Downstream, Post-Construction)
12/9/2004 1:45 0.96 49.2 45.5 1288.59 56.07 2.11 48.35 43,511
12/9/2004 2:00 0.94 47.6 44.3 1254.19 53.81 2.09 47.67 42,903
12/9/2004 2:15 0.92 47.1 43.9 1243.45 52.60 2.07 47.00 42,299
12/9/2004 2:30 0.92 47.4 44.1 1249.89 52.87 2.07 47.00 42,299
12/9/2004 2:45 0.91 47.9 44.5 1260.64 52.94 2.06 46.66 41,998
12/9/2004 3:00 0.9 44.8 42.2 1194.00 49.79 2.05 46.33 41,698
12/9/2004 3:15 0.89 45.6 42.8 1211.20 50.14 2.04 46.00 41,399
12/9/2004 3:30 0.88 44.6 42.0 1189.70 48.90 2.03 45.67 41,101
12/9/2004 3:45 0.86 44 41.6 1176.81 47.67 2.01 45.01 40,508
12/9/2004 4:00 0.85 44.1 41.6 1178.96 47.41 2 44.68 40,213
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1) Determine Manning's Roughness Coefficient for the Upstream and Downstream 
Meter Location Channel Cross Section and Floodplain
a) Method for Assigning n Values for Channels (Reference 2, Page 3)
n = (nb + n1 + n2 + n3 + n4)*m
Where:
nb = a base value of n for a straight uniform, smooth channel in natural materials
n1 = a value added to correct for the effect of surface irregularities
n2 = a value for variations in shape and size of the channel cross section
n3 = a value for obstructions
n4 = a value for vegetation and flow conditions
m = a correction factor for meandering of the channel
Mecklenburg, Dan. Ohio Department of Natural Resources. The Reference Reach 
Spreadsheet: A Stream Assessment Tool. Version 2.2L.  Online posting. 2002. 
http://www.dnr.state.oh/soilandwater/streammorphology.htm. 11 Nov. 2003.
Project Title: Urban Stream Stabilization Using Regional Hydraulic Geometry Curves 
Federal Highway Administration. U.S. Department of Transportation. Guide for Selecting Manning's 
Roughness Coefficients for Natural Channels and Flood Plains . Report No. FHWA-TS-84-204. 1984.
Limerinos, J.T. Determination of the Manning Coefficient from Measured Bed Roughness in Natural 
Channels .  U.S. Geological Survey Water-Supply Paper 1898-B, 47p. 1970.
Cowan, W.L. Estimating Hydraulic Roughness Coefficients.   Agricultural Engineering.  V. 37, No. 7, 
P. 473 – 475. 1956.
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1) Selection of Base n Values (nb)
- Stable or sand channel: Select stable
- D50 bed material = 0.3 mm (from 2003 pebble count)
- Based on stable classification and D50 choose bed description: 
  Select firm soil
- Based on firm soil selection and Benson and Dalrymple (1967) values
  for straight uniform channels, nb = 0.025 - 0.032.
2) Irregularity (n1)
- From Table 2, Page 9, Reference 2, channel condition selected as 
  minor = compares to carefully dredged channels in good condition but
  having slightly eroded or scoured side slopes = 0.001 - 0.005.
3) Variation in Channel Cross Section (n2)
- From Table 2, Page 9, Reference 2, channel condition selected as 
  gradual = size and shape of channel cross sections change gradually
  = 0.000.
4) Effect of Obstruction (n3)
- From Table 2, Page 10, Reference 2, channel condition selected as
  minor = obstructions occupy less than 15% of the cross sectional area
  and the spacing between obstructions is such that the sphere of influence 
  around one obstruction does not extend to the sphere of influence around
  another obstruction. Smaller adjustments are used for smooth-surfaced
  objects than are used for sharp-edged angular objects = 0.005 - 0.015.
5) Amount of Vegetation (n4)
- From Page 12, Reference 2, "If the channel is relatively narrow and has
  steep banks covered by dense vegetation that hangs over the channel,
  the maximum adjustment is about 0.03.
6) Meandering (m)
- From Page 13, Reference 2, "The degree of meandering depends on the
  ratio of the total length of the meandering channel in the reach being
  considered to the straight length of the channel reach."
- Degree of Meandering = 3,741.5 ft/2,935.2 ft = 1.3
- Meandering = appreciable for ratios of 1.2 to 1.5
- From Page 11, Reference 2, Table 2, For appreciable meandering, m = 1.15.
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n = (nb + n1 + n2 + n3 + n4)*m
Low High
nb = 0.025 0.032
n1 = 0.001 0.005
n2 = 0.0 0.0
n3 = 0.005 0.015
n4 = 0.01 0.025
m = 1.15 1.15
n = 0.047 0.089
navg = 0.068
b) Method for Assigning n Values for Flood Plains (Reference 3, Page 13)
n = (nb + n1 + n2 + n3 + n4)*m
Where:
nb = a base value of n for the flood plain's natural bare soil surface
n1 = a value added to correct for the effect of surface irregularities on the flood plain
n2 = a value for variations in shape and size of the flood plain cross section, equal to 0.0
n3 = a value for obstructions on the flood plain
n4 = a value for vegetation on the flood plain
m = a correction factor for sinuosity of the flood plain, equal to 1.0
1) Selection of Base n Values (nb)
- nb selected as done in previous section
- Based on firm soil selection and Benson and Dalrymple (1967) values
  for straight uniform channels, nb = 0.025 - 0.032.
2) Irregularity (n1)
- From Table 3, Page 14, Reference 2, flood plain condition selected as 
  moderate = has more rises and dips, sloughs and hummocks may
  occur = 0.006 - 0.010.
3) Variation in Flood Plain Cross Section (n2)
- From Table 3, Page 14, Reference 2, equals 0.0, not applicable.
4) Effect of Obstruction (n3)
- From Table 3, Page 14, Reference 2, flood plain condition selected as
  minor = obstructions, which include, debris deposits, stumps, exposed 
  roots, logs, or isolated boulders, occupy less than 15% of the cross 
  sectional area = 0.005 - 0.019.
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5) Amount of Vegetation (n4)
- From Table 3, Page 15, Reference 2, flood plain amount of vegetation
  selected as extreme =  dense brushy willow, mesquite, and salt cedar
  (all vegetation in full foliage) = 0.100 to 0.200.  Selection also based on 
  photo description of floodplain with verified n value.
6) Meandering (m)
- Equals 1.0, not applicable
n = (nb + n1 + n2 + n3 + n4)*m
Low High
nb = 0.025 0.032
n1 = 0.006 0.010
n2 = 0.0 0.0
n3 = 0.005 0.019
n4 = 0.100 0.200
m = 1.0 1.0
n = 0.136 0.261
navg = 0.199
2) Determine Channel Slope (Survey Data Obtained During May 2004 Survey of 
Galbraith Drain at Meter Locations)
a) Upstream (ft/ft)
   S = (7.77 - 8.46)/(9.4 - 47.8) = 0.0180
b) Downstream (ft/ft)
     S = (7.25 - 7.33)/(4.3 - 22) = 0.0045
3) Manning's Equation
a) Upstream Q = (1.49/n)*A*R2/3*S1/2
Channel navg = 0.050 Low High Average
Floodplain navg = 0.176 Channel 0.047 0.089 0.068
   S = 0.0180 Floodplain 0.136 0.261 0.199
Upstream Flow Check
Maximum Pre-construction stage = 7.83 ft
Maximum Pre-construction rain = 2.38 in
HEC-HMS flowrate for Given Rain = 442.60 cfs
Flowrate using US Equation & Max. Stage = 441.12 cfs
Design Calculated
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Stage, ft EL, ft FS XS Area* Hyd Rad* Adj n US Q, cfs Note
0.0 92.2 7.8 0.1 0.0 0.050 0.0
0.1 92.3 7.7 0.4 0.1 0.050 0.3
0.2 92.4 7.6 0.4 0.1 0.050 0.3
0.3 92.5 7.5 0.8 0.2 0.050 1.1
0.4 92.6 7.4 1.3 0.3 0.050 2.3
0.5 92.7 7.3 1.7 0.3 0.050 3.0
0.6 92.8 7.2 2.2 0.4 0.050 4.8
0.7 92.9 7.1 2.7 0.5 0.050 6.8
0.8 93.0 7.0 3.2 0.6 0.050 9.1
0.9 93.1 6.9 3.8 0.6 0.050 10.8
1.0 93.2 6.8 4.3 0.7 0.050 13.5
1.1 93.3 6.7 4.9 0.7 0.050 15.4
1.2 93.4 6.6 5.4 0.8 0.050 18.6
1.3 93.5 6.5 6.1 0.8 0.050 21.0
1.4 93.6 6.4 6.7 0.8 0.050 23.1
1.5 93.7 6.3 7.4 0.9 0.050 27.6
1.6 93.8 6.2 8.1 0.9 0.050 30.2
1.7 93.9 6.1 8.9 0.9 0.050 33.1
1.8 94.0 6.0 9.8 0.9 0.050 36.5 Begin Floodplain
1.9 94.1 5.9 10.7 0.9 0.050 39.8
2.0 94.2 5.8 11.8 1.0 0.063 37.6
2.1 94.3 5.7 12.9 1.0 0.063 41.2
2.2 94.4 5.6 14.0 1.0 0.063 44.7
2.3 94.5 5.5 15.2 1.1 0.073 44.4
2.4 94.6 5.4 16.5 1.1 0.073 48.2
2.5 94.7 5.3 17.8 1.2 0.082 49.3
2.6 94.8 5.2 19.2 1.2 0.082 53.1
2.7 94.9 5.1 20.6 1.3 0.089 55.2
2.8 95.0 5.0 22.1 1.3 0.089 59.2
2.9 95.1 4.9 23.6 1.3 0.089 63.2
3.0 95.2 4.8 25.2 1.4 0.095 66.3
3.1 95.3 4.7 26.8 1.4 0.095 70.5
3.2 95.4 4.6 28.5 1.5 0.100 74.3
3.3 95.5 4.5 30.3 1.5 0.100 79.0
3.4 95.6 4.4 32.1 1.6 0.105 83.4
3.5 95.7 4.3 33.9 1.7 0.109 88.2
3.6 95.8 4.2 35.7 1.7 0.109 92.9
3.7 95.9 4.1 37.6 1.8 0.113 98.3
3.8 96.0 4.0 39.5 1.8 0.113 103.3
3.9 96.1 3.9 41.4 1.9 0.116 109.1
4.0 96.2 3.8 43.4 1.9 0.116 114.3
4.1 96.3 3.7 45.3 2.0 0.119 120.4
4.2 96.4 3.6 47.4 2.1 0.122 127.3
4.3 96.5 3.5 49.4 2.1 0.122 132.6
4.4 96.6 3.4 51.5 2.2 0.124 139.8
4.5 96.7 3.3 53.6 2.2 0.124 145.5
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4.6 96.8 3.2 55.7 2.3 0.127 153.0
4.7 96.9 3.1 57.9 2.3 0.127 159.0
4.8 97.0 3.0 60.1 2.4 0.129 167.1
4.9 97.1 2.9 62.4 2.4 0.129 173.5
5.0 97.2 2.8 64.7 2.5 0.131 182.2
5.1 97.3 2.7 67.0 2.5 0.131 188.7
5.2 97.4 2.6 69.4 2.6 0.132 198.0
5.3 97.5 2.5 71.8 2.6 0.132 204.8
5.4 97.6 2.4 74.2 2.6 0.132 211.7
5.5 97.7 2.3 76.7 2.7 0.134 221.7
5.6 97.8 2.2 79.3 2.7 0.134 229.2
5.7 97.9 2.1 81.9 2.8 0.136 239.8
5.8 98.0 2.0 84.5 2.8 0.136 247.4
5.9 98.1 1.9 87.1 2.9 0.137 258.4
6.0 98.2 1.8 89.8 2.9 0.137 266.4
6.1 98.3 1.7 92.6 3.0 0.138 278.4
6.2 98.4 1.6 95.4 3.0 0.138 286.8
6.3 98.5 1.5 98.2 3.0 0.138 295.2
*Cross section areas and hydraulic radii calculated using Reference Reach Stream Spreadsheet (Reference 4)
Upstream Meter

















Poly. (US Q, cfs)
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b) Downstream Q = (1.49/n)*A*R2/3*S1/2
Channel navg = 0.047 Low High Average
Floodplain navg = 0.136 Channel 0.047 0.089 0.068
   S = 0.0045 Floodplain 0.136 0.261 0.199
Downstream Flow Check
Maximum Pre-construction stage = 8.13 ft
Maximum Pre-construction rain (5-23-04) = 2.38 in
HEC-HMS flowrate for Given Rain = 442.60 cfs
Flowrate using US Equation & Max. Stage = 440.96 cfs
Stage, ft EL, ft FS XS Area* Hyd Rad* Adj n DS Q, cfs Note
0.0 92.5 7.5 0.0 0.0 0.047 0.0
0.1 92.6 7.4 0.1 0.0 0.047 0.0
0.2 92.7 7.3 0.5 0.1 0.047 0.5
0.3 92.8 7.2 1.1 0.2 0.047 1.6
0.4 92.9 7.1 1.8 0.3 0.047 3.4
0.5 93.0 7.0 2.4 0.3 0.047 4.6
0.6 93.1 6.9 3.1 0.4 0.047 7.2
0.7 93.2 6.8 3.8 0.5 0.047 10.2
0.8 93.3 6.7 4.5 0.6 0.047 13.6
0.9 93.4 6.6 5.3 0.6 0.047 16.0
1.0 93.5 6.5 6.0 0.7 0.047 20.1
1.1 93.6 6.4 6.8 0.8 0.047 24.9
1.2 93.7 6.3 7.6 0.8 0.047 27.8
1.3 93.8 6.2 8.4 0.9 0.047 33.3
1.4 93.9 6.1 9.2 1.0 0.047 39.1
1.5 94.0 6.0 10.0 1.0 0.047 42.5 Begin Floodplain
1.6 94.1 5.9 10.8 1.1 0.055 41.7
1.7 94.2 5.8 11.6 1.2 0.062 42.3
1.8 94.3 5.7 12.5 1.2 0.062 45.6
1.9 94.4 5.6 13.3 1.3 0.068 46.8
2.0 94.5 5.5 14.1 1.3 0.068 49.7
2.1 94.6 5.4 15.0 1.3 0.068 52.8
2.2 94.7 5.3 15.9 1.4 0.072 54.9
2.3 94.8 5.2 16.7 1.4 0.072 57.6
2.4 94.9 5.1 17.7 1.5 0.077 60.4
2.5 95.0 5.0 18.6 1.5 0.077 63.5
2.6 95.1 4.9 19.6 1.5 0.077 66.9
2.7 95.2 4.8 20.6 1.6 0.080 70.0
2.8 95.3 4.7 21.6 1.6 0.080 73.4
2.9 95.4 4.6 22.7 1.6 0.080 77.2
3.0 95.5 4.5 23.8 1.7 0.084 80.9
3.1 95.6 4.4 24.9 1.7 0.084 84.7
3.2 95.7 4.3 26.1 1.8 0.087 89.1
CalculatedDesign
148
3.3 95.8 4.2 27.2 1.8 0.087 92.9
3.4 95.9 4.1 28.4 1.8 0.087 97.0
3.5 96.0 4.0 29.7 1.9 0.089 102.1
3.6 96.1 3.9 30.9 1.9 0.089 106.2
3.7 96.2 3.8 32.2 1.9 0.089 110.7
3.8 96.3 3.7 33.5 2.0 0.092 116.1
3.9 96.4 3.6 34.8 2.0 0.092 120.6
4.0 96.5 3.5 36.2 2.1 0.094 126.6
4.1 96.6 3.4 37.6 2.1 0.094 131.5
4.2 96.7 3.3 39.0 2.1 0.094 136.4
4.3 96.8 3.2 40.5 2.1 0.094 141.7
4.4 96.9 3.1 42.1 2.1 0.094 147.3
4.5 97.0 3.0 43.7 2.1 0.094 152.9
4.6 97.1 2.9 45.3 2.2 0.096 160.2
4.7 97.2 2.8 47.0 2.2 0.096 166.2
4.8 97.3 2.7 48.8 2.2 0.096 172.6
4.9 97.4 2.6 50.6 2.2 0.096 178.9
5.0 97.5 2.5 52.5 2.2 0.096 185.6
5.1 97.6 2.4 54.5 2.2 0.096 192.7
5.2 97.7 2.3 56.6 2.2 0.096 200.1
5.3 97.8 2.2 58.7 2.3 0.097 209.9
5.4 97.9 2.1 60.8 2.3 0.097 217.5
5.5 98.0 2.0 63.0 2.4 0.099 228.0
5.6 98.1 1.9 65.3 2.4 0.099 236.4
5.7 98.2 1.8 67.5 2.4 0.099 244.3
5.8 98.3 1.7 69.8 2.5 0.100 255.8
5.9 98.4 1.6 72.2 2.5 0.100 264.6
*Cross section areas and hydraulic radii calculated using Reference Reach Stream Spreadsheet (Reference 4)
Downstream Meter




















APPENDIX F:  TURBIDITY TO SSC CALCULATIONS 
 
Project Title: Urban Stream Stabilization Using Regional Hydraulic Geometry Curves for Bankfull Floodplain Design





Date Time SSC (mg /m3) Turbidity (NTU) Depth (feet)
5/28/2004 9:00 22,000 10.8 <1.23*
7/7/2004 15:45 310,000 9.7 <1.23*
10/1/2004 11:45 160,000 43.5 <1.23*
10/14/2004 9:45 33,000 9.0 <1.23*
10/28/2004 14:30 120,000 25.1 <1.23*
11/5/2004 16:15 8,300 6.7 <1.23*
5/24/2004 12:30 56,000 56.9 2.51
6/15/2004 15:45 49,000 55.6 2.25
7/28/2004 16:00 17,000 13.8 1.91
10/28/2004 14:00 21,000 34.3 1.41
11/12/2004 17:30 20,000 18.2 1.53
*The depth gage on the upstream meter was located 1.23' above the stream bed.
Date Time SSC (mg /m3) Turbidity (NTU) Depth (feet)
5/28/2004 11:00 7,900 9.8 <1.15*
10/1/2004 10:45 93,000 6.5 <1.15*
10/14/2004 9:00 19,000 7.5 <1.15*
10/14/2004 9:15 12,000 7.2 <1.15*
10/28/2004 13:00 7,400 24.5 <1.15*
6/15/2004 17:00 53,000 57.8 1.98
7/7/2004 17:00 15,000 9.7 1.17
7/28/2004 17:15 32,000 9.0 1.87
10/28/2004 13:45 42,000 18.6 1.31
11/5/2004 16:30 8,400 10.1 1.18
11/5/2004 16:45 7,900 10.0 1.17
11/12/2004 16:45 14,000 11.1 1.64
11/12/2004 17:00 11,000 11.4 1.65
*The depth gage on the downstream meter was located 1.15' above the stream bed.
A total of 11 Suspended Solids Concentration (SSC) samples were collected from the upstream meter location and 13 SSC 
samples were collected from the downstream meter location at the times and dates listed below.  The samples were sent to 
the Midwest Analytical Services, Inc. for SSC analysis.  The turbidity and depth readings recorded by the meters were 
obtained from the downloaded data for each collection event and are listed below.  Low-flow data were excluded from the 
analysis due to the fact that they do not refelct the storm event flowrates analyzed for this project.  Sample collection was 
limited due to weather conditions, stream depths, and meter accessibility.
The high-flow data were grouped as shown below to provide for a more substantive data set.  A linear regression analysis 








Date Time SSC (mg/m3) Turbidity (NTU) Depth (feet)
5/24/2004 12:30 56,000 56.9 2.51
6/15/2004 15:45 49,000 55.6 2.25
6/15/2004 17:00 53,000 57.8 1.98
7/7/2004 17:00 15,000 9.7 1.17
7/28/2004 16:00 17,000 13.8 1.91
7/28/2004 17:15 32,000 9.0 1.87
10/28/2004 13:45 42,000 18.6 1.31
10/28/2004 14:00 21,000 34.3 1.41
11/5/2004 16:30 8,400 10.1 1.18
11/5/2004 16:45 7,900 10.0 1.17
11/12/2004 16:45 14,000 11.1 1.64
11/12/2004 17:00 11,000 11.4 1.65
11/12/2004 17:30 20,000 18.2 1.53
High-Flow Data
Upstream and Downstream Data
Combined Data High-Flow
























Jonathan Fourrier was born in Baton Rouge, Louisiana, on June 26, 1975.  After 
graduating from Catholic High School of Baton Rouge in 1993, he enlisted and served four years 
in the United States Marine Corps.  During his four-year enlistment, Jonathan conducted two 
overseas deployments as part of a Marine Expeditionary Unit.  After completing his service in 
the Marine Corps, Jonathan attended Louisiana State University where he earned a Bachelor of 
Science in environmental engineering (magna cum laude) in May 2002.  Immediately after 
graduation, Jonathan began working full-time as a consulting engineer for Turner 
Environmental, Inc. where he still works today.  In addition, Jonathan began Graduate School in 
pursuit of the degree of Master of Science in Civil Engineering in the Fall of 2002.  In October 
2006, Jonathan passed the Professional Engineer (PE) exam. 
 
